Current Construction Program Research Goals and Sub goals

Goal 1: Reduce the major risks associated with traumatic injuries and
fatalities in construction.

Introduction

The Construction Program has focused a major portion of its efforts on fatalities
for a number of reasons: 1) Construction has the largest number of fatal injuries
of any sector by far and suffers a disproportionate national share of such deaths;
2) fatal injury rates over the years have wavered and have only recently begun to
show a steady decline; 3) Congressional appropriations language over the years
has explicitly addressed a concern about fatalities in construction and have
directed NIOSH to address this concern; and 4) risk factors for fatal and non-fatal
injuries are expected to be similar for some important causes such as falls from
height.

Construction Program injury research has focused on top fatal injury events and
exposures in the industry such as: falls to lower levels (35% of fatal construction
injuries); struck by objects (12.1%); contact with electric current (9.8%);
pedestrian struck by vehicle (6.3%); and caught in or crushed by collapsing
materials (5.7%) [BLS, 2004]. Most Program efforts begin with analytic injury
epidemiology to identify key risk factors underlying injury patterns. In most cases,
fatal injury investigation is the most available source of information for this work.
Non-fatal injuries are also an important problem in construction, and injury
researchers have used a variety of sources, from emergency room data to
workers compensation reports, to identify non-injury risk factors and patterns.

Construction injury prevention is an area where OSHA has a number of important
regulations. Program researchers have identified important gaps in regulations
along with new technologies and work practices needing special consideration.
We have worked with partners to develop interventions and guidance to address
these issues. Examples of issues include communication tower erection and
usage of aerial lifts. We have used engineering knowledge to develop or improve
interventions such as detection of overhead power lines or fit of safety
harnesses. In other cases, we work to help raise awareness of risk factors or
help develop training materials to address familiar but important problem areas
such as trench safety, ladder safety, and electrical safety.

Reference

U.S Bureau of Labor Statistics.[2004] Percentages derived from 2004 BLS data
available by industry sector for event and exposure at
http://stats.bls.gov/iiffoshwc/cfoi/cftb0204.pdf



Sub-goal 1.1 Falls from Elevation
A) Issue

Falls are the largest single source of fatal injuries for construction workers
accounting for 33% of total construction fatalities in 2005. Construction
experiences a disproportionate share of fall fatalities. While construction
represents about 7% of all workers, construction workers experienced 52% (394)
of the 770 fall fatalities that occurred across all industries in 2005 [BLS, 2005c].

Occupations with high frequencies of fatal falls include ironworkers, roofers, and
laborers (approximately 68, 26, and 10 deaths per 100,000 FTEs per year
respectively). The average fatal fall rate for all construction occupations is about
4 per 100,000 FTEs [CPWR 2002]. In 1997, the major types of falls were falls
from structures (roofs - 34% and structural steel — 9%), from scaffolds (17%),
from ladders (17%), and from aerial lifts (5%) [McCann & Chowdhury 2000].

Falls were identified by labor and management stakeholders as a top
construction problem at the 1993 National Conference on Ergonomics, Safety,
and Health in Construction that helped initiate the NIOSH Construction Program.
That conference included a recommendation that new approaches to regulation
such as negotiated rulemaking were needed, and this led to a 1994 negotiated
rulemaking on fall protection during steel erection. The final rule was issued in
2001.

B) Activities

Construction Program researchers conducted a number of surveillance and
investigation studies about fall injuries and fatalities, often learning where to
focus prevention efforts in the process. We conducted surveillance activities,
intervention research, and training and dissemination efforts related to falls
involving roofs, structural steel, scaffolds, ladders, and aerial lifts. We also
conducted activities related to telecommunication tower construction and
construction vehicles.

Surveillance and investigations

Structures and Roofs -- Construction Program researchers found that in 2004,
falls from roofs killed 178 workers and constituted the leading cause for work-
related fatalities in the construction industry [BLS 2005]. Falls from roofs are also
a major cause of serious nonfatal injuries in the construction industry. In 2004,
2,220 workers were seriously injured after falling from roofs [BLS 2006].
Construction Center researchers looked at fall deaths in the structural steel
industry for 1992-99 and found that 21 of 116 (18%) were falls from metal
decking [Paine & McCann 2004]
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Scaffolds -- Each year, more than 60 workers are killed by falls from scaffolds,
about 1 in 5 of the fatal falls in construction. Of these, about 10 deaths per year
are from suspension scaffolds, and the rest mostly supported scaffolds. We found
that for supported scaffolds, the main causes of injuries and deaths are problems
with planks and guardrails, poor planning for assembling and taking them apart,
missing tie-ins or bracing, loads that are too heavy, and being too close to power
lines.

A Construction Center research team that included a former scaffold erector
used a 150-point checklist to survey supported scaffolds at 113 construction sites
in nine geographic areas of the eastern United States. About 32% of the
scaffolds were either in danger of collapse or were missing planking, guardrails,
or adequate access in ways that posed an imminent danger to the workers.
Strong correlations were also found between proper scaffold safety practice and
1) presence of a competent person who claimed to have scaffold safety practice;
2) scaffolds that were not solely frame scaffolds; and 3) scaffolds having been
erected by a separate scaffold erection contractor.

Ladders -- Ladders are widely used throughout construction, and falls from
ladders are the third leading cause of deaths from falls in construction [CPWR
2002]. Construction Program researchers reviewed data systems such as FACE,
CFOI, and data from the Kentucky Employers Mutual Insurance Company and
the Maine Department of Labor to identify contributing factors to ladder falls.
[McCann 2004a, 2000; McCann et al. 2003].

Construction Program researchers studied the leading causes of falls involving
extension ladders [Hsiao et al. 2006]. Construction Center researchers from
Harvard University School of Public Health and Liberty Mutual Insurance
Company are expanding research on extension ladders to other ladders. They
are looking at ladder-related fracture injuries to determine if and how ladder fall
fractures differ from other ladder-related injuries.

Aerial Lifts -- Program researchers found that the number of fatalities related to
aerial lifts is showing an increasing trend: from 19 deaths in 1992 to 38 deaths in
2003. [Pan et al 2005] Contributing factors included mechanical failure and work
practices.

Telecommunications towers -- Construction Program researchers reviewed
Bureau of Labor Statistics and Occupational Safety and Health Administration
(OSHA) data systems to identify and characterize fatal injuries incurred by
workers constructing or maintaining telecommunication towers for the years 1992
through 2005. In addition, Construction Program and Construction Center
researchers investigated 10 incidents involving 12 telecommunication tower-
related fall fatalities from the years 1992 through 2001. Investigations of these
fatal events revealed several important causal factors: failure to use or the
improper use of personal protective fall equipment, use of improper or
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inadequate hoisting equipment, lack of maintenance of hoisting equipment, lack
of employer safety and health programs, and lack of structured training.

Vehicles -- Current statistical systems count injuries occurring to workers
delivering materials to construction sites as construction injuries. We found that
in 2005, BLS data showed 2,030 non-fatal falls from non-moving construction
vehicles involving days away from work [BLS 2005b], as well as, 18 fatalities
[BLS 2005c]. The causes of these falls can include slips and trips, poor vehicle
entrance design, and poor design of ladders and other means of access to the
truck vehicle body.

Intervention development/evaluation
Structures, roofs and scaffolds -- The Construction Program work in this area
over the past decade includes:

e developing an adjustable roof guardrail assembly that can
accommodate various roof pitches to protect residential construction
workers from falling to lower levels;

e evaluating and disseminating Leading Edge Fall Protection Systems
to protect iron workers from falls during decking operations,

e evaluating and disseminating a fall hazard audit system to improve
recognition and control of fall hazards over a construction project,

e validating virtual reality technologies for fall-from-roof prevention
research;

¢ identifying the effects of visual cues on balance control during roofing
work;

e modifying fall protection harnesses to improve fit and decrease the
physiologic impact to the wearer when suspended
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e developing improved footwear designs for work on roofs; and,

e establishing sensory-enhancing technology to improve workers'
balance on roofs.

Construction Center researchers evaluated a Leading Edge Fall Protection
System for ironworkers installing decking inside a controlled access zone. [Paine
& McCann, 2004] The evaluation involved: 1) documentation of the training of
ironworkers in this new fall protection system; 2) documentation of the installation
of this fall protection system; and 3) documentation of the use of this fall
protection system. Six steel erection sites in Connecticut, Rhode Island, and
Massachusetts were used. During site visits, there was 100% compliance with
use of fall protection. At these sites, 29.6 FTEs used this fall protection system.
According to the employer’s records, they had six “saves”, where the fall
protection system prevented injuries, a rate of “saves” of 20.3 per 100 FTEs.
However, there were two falls during installation of the system. The evaluation
demonstrated that it is possible to provide effective fall protection during metal
decking in structural steel erection. It also showed that it is important to ensure
that fall protection is used during system installation.

In 1995, the Construction Center funded the West Virginia University (WVU) Fall-
Safe Program, which assists participating contractors in the West Virginia area in
the development of a fall health and safety program and audits them [Becker et
al. 2001a]. Sixty-five construction companies participated in the program. Results
of a program evaluation study showed that the intervention contractors increased
the control of fall hazards from baseline by 17% over a year and a half period.
The control group of contractors increased the control of fall hazards 0.6% over
the same time period. The implementation of fall hazard program management
elements increased 30% in the intervention group, while the control group
decreased the program management implementation by 7.5%.

Ladders — Based on interviews with workers, investigators created a practical
training intervention in the form of two sets of simply-worded guidelines, each
grouped into manageable numbers of tasks and subtasks [Lineberry et al.
2002].> The checklists have been tested with small Kentucky contractors and at
the 2002 Construction Safety Conference.

The Program developed a simulation training exercise for ladder safety that
seeks to go beyond prescriptive safety training to enhance skills and awareness
about issues such as integrating safety with production demands [Wiehagen et
al. 2002]. The CSL exercise involves participatory small group problem-solving
by working through simulated steps in setting up a ladder for a steel erection
welding job.!

Construction Program and Center researchers, along with the University of
Kentucky, developed a fall hazard recognition program based on viewing and
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discussing stereophotographs (Viewmaster disks) of construction sites in small
groups. [Scharf et al. 2007]. The CSL exercise and fall hazard recognition
training program were evaluated with apprenticeship trainers from the Northern
New Jersey Iron Workers Training Program in 2003. Their District Council has
adopted their use.

Construction Center researchers developed a pilot program entitled, “Campaign
for Reducing Construction Worker Fatalities.” The project developed and pilot
tested a “Don’t Fall for It” Ladder Intervention, an 11-minute film with four fact
sheets. We pilot-tested the materials among 461 apprentice and journey-level
union construction workers in 2006, both directly on job-sites and at union
training centers. Results from a pre-test post test survey showed significant
changes in self-reported knowledge, attitudes and behavior [Gittleman 2006].
Faculty and students at the George Washington University School of Public
Health, conducted a social marketing assessment of the program among small
construction contractors to provide additional insights to researchers.

 _IDontéagForiv]

Includes English and Spanish

Aerial lifts -- We analyzed at least 150 litigated cases involving cranes and aerial
lifts and identified fifteen significant failure modes that cause injury and
death.[MacCollum 2007].

Program researchers are testing two scissor lifts obtained via letter of agreement
with a leading scissors lift manufacturer to examine stability under a range of
loads and at various heights.

Telecommunications towers -- In 1996, in an effort to combat the high number of
fatalities of their membership, and to gain consistent inspection procedures and
regulation interpretations, the National Association of Tower Erectors (NATE)
approached OSHA to develop such procedures. As a result, the OSHA
Telecommunication Tower Task Force was formed in April 1997.* Program
researchers participated.
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Vehicles -- In 2001, at the request of the International Brotherhood of Teamsters,
Construction Center researchers undertook studies of hazards facing Ready
Mixed Concrete truck drivers [Clark et al. 2001, McCann 2006]. We used focus
groups of Teamster Ready Mixed drivers to understand potential slip and trip
hazards around construction equipment, and to discuss recommendations for
correcting each of the identified problems.

C) Outputs and Transfer

Construction Program researchers authored a total of 29 peer reviewed journal
articles on this topic, provided 99 presentations, and developed 32 NIOSH and
Center publications, as well as 163 miscellaneous documents such as FACE
reports, patents, and book chapters. A comprehensive listing of outputs can be
found in Appendix 1.1.

Roofs -- Guardrail assembly -- The Construction Program held a public meeting
in 2004 to transfer the guardrail assembly invention into practice. A utility patent
application for it was filed in 2005.*

Virtual reality technology -- The Construction Program, published the validation
studies for the surround-screen virtual reality (SSVR) system, the first SSVR
system in the world designed for occupational fall prevention research. The
system is currently used to evaluate human performance at elevation, identify
risk factors leading to fall incidents, and assess new fall prevention strategies.

Scientists, safety professionals, and construction trade representatives from
around the world have visited the SSVR facility and consulted with Construction
Program researchers on the application of this emerging and advanced
technology to occupational safety research.

Visual cues’ effect on balance control -- Construction Program publications in
Injury Prevention and Human Factors journals have shown that at elevated
environments, vertical visual anchors within 15 feet of a person's eyes can
significantly reduce postural destabilization. The findings have practical
implications for improving workers’ safety during roofing work. Temporarily, roof
guardrails can serve not only as physical barriers to protect workers from falling,
but also as visual anchors to reduce workers’ postural instability at elevation.

Fall protection harness sizing -- The research report on current harness-sizing
issues and the effect of thigh strap angle and back D-ring location as additional
harness static-fit-test criteria to enhance post-fall harness fit was published in the
journal Ergonomics in 2003. The research received the International Ergonomics
Association (IEA) Liberty Mutual Prize in Occupational Safety and Ergonomics in
2002. The information in the article is useful to construction employers and
workers to ensure selection of the right size and proper donning of harnesses.
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Findings from the human physiology study regarding the use of intervention
technology to reduce suspension trauma potentials was presented at the
American Industrial Hygiene Conference and Exposition in 2006, as was a
provisional patent application. The information will be shared with harness
manufacturers along with the harness-sizing research results for the new
generation harness design.

A provisional sizing scheme with an algorithm that describes the human torso
shape-and-size distribution and a set of recommendations for producing vest-
type harnesses has been accepted for publication by the Human Factors journal.
A simplified version of the provisional sizing schedule was presented at the
Ergonomics Society Conference and also published in Contemporary
Ergonomics in 2005.

The draft report of a second provisional sizing scheme has also been shared with
MSA and DBI-SALA.

Footwear for work at roof -- The Construction Program used virtual reality
technology to evaluate the effects of different styles of footwear on workers’
instability at elevation and has reported results to the safety scientific community.

Sensory-enhancing technology to improve workers’ balance -- Construction
Program researchers, in collaboration with researchers from Boston University,
built and tested a prototype randomly vibrating ("smart") shoe insert to improve
workers' balance at elevation.

The smart-shoe insert increases the pressure-sensitivity under the feet by
inducing below-sensory-threshold mechanical vibrations.

Structures - Leading edge fall protection system -- In 2006, a 13-minute
videotape/DVD, “A Leading Edge Fall Protection System for Metal Decking”, was
produced to disseminate information to steel erection contractors on how to
install and use the leading edge fall protection system. A workbook to
accompany the DVD is in production. The DVD has been demonstrated to
several target groups, including the NYC Ironworkers District Council, a meeting
of The Association of Union Constructors, the Boston-based Construction
Institute, and the 17th Annual Construction Safety and Health Conference.

Fall-Safe program -- In 1999, WVU expanded Fall-Safe beyond West Virginia
with the partnership of the Chicago-based Construction Safety Council and St.
Paul Insurance Company. These organizations performed the same third party
validation that WVU does.

Scaffolds -- Construction Center field research on scaffolds produced a 150-point
scaffold checklist using a simple four-factor inspection method [Halperin &
McCann 2004]. Construction Center researchers have targeted construction and
academic audiences, e.g., a presentation to the International Masonry Institute
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Training Center in 2004 [McCann 2004b], and at the Annual Construction Safety
Conference in 2002 [McCann 2002].

Ladders -- Our study of the surveillance sources including the NEISS was
published as a journal article entitled: “Work-related ladder fall fractures:
Identification and diagnosis validation using narrative text.”

Program researchers delivered six presentations on the Construction Site Ladder
exercise at construction safety meetings. Seven presentations have been made
on the extension ladder checklists, including one at the 12" Annual Construction
Safety & Health Conference & Exposition, Rosemont, IL in 2002. Seven
presentations have been made about ladder safety and the “Don’t Fall for It”
campaign to audiences such as the OSHA 500 Master Instructor Meeting in
Silver Spring, Maryland in October of 2006, and the Liberty Mutual Construction
Safety Roundtable in Boston, Massachusetts in November of 2006.

Eight publications have been developed for the various ladder projects, including
four fact sheets to accompany the “Don’t Fall for It” DVD and a hazard alert on
ladder safety. Over 9,000 copies of the ladder hazard alert have been distributed
since 2000, and over 2,200 copies of the “Don’t Fall for It” DVD have been
distributed in the first year.

Aerial Lifts -- Construction Program and Center researchers delivered nine
presentations at various construction safety meetings to report on findings,
including two at the first Aerial Platform Safety Conference in 2004. The “Aerial
Lift Safety in Construction” materials from the 2002 Construction Safety
Conference presentation are available on the eLCOSH website in English and
Spanish.

The Program produced seven publications, including five directed to construction
audiences such as the 2005 article, “Falls from Aerial Lifts Raise Growing
Concern” published in Lift and Access Magazine [Weeks & McCann 2005] and
the Hazard Alert on Aerial Lifts (4,794 English copies and 1,271 Spanish copies
distributed).

Telecommunication towers -- Construction Program researchers participated in
Telecommunication Task Force efforts and provided input to the preparation and
dissemination of several important directives and publications.

NIOSH researchers developed and disseminated the NIOSH Alert—"Preventing
Injuries and Deaths from Falls During Construction and Maintenance of
Telecommunication Towers,” DHHS (NIOSH) Pub. No. 2001-1561. This Alert is
now being reprinted in Spanish.

Additionally, 10 FACE reports were published from telecommunication tower-
related investigations and widely disseminated through NATE conferences and
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OSHA training classes. These reports are available on the Web at:
http://www.cdc.gov/niosh/face/default.html. Construction Program researchers
also authored two articles (“NIOSH—A Resource for Occupational Health and
Safety Support” and “Falls- A Deadly Hazard for Tower Workers”) in the October
1998 and March 1999 issues of the NATE monthly publication Tower Times.
NATE also provides a direct link to the NIOSH homepage and to relevant NIOSH
publications in Tower Times (http://www.natehome.com/TowerTimes/Index.cfm).

Vehicles — Fall hazard recommendations were described in the publication,
Ready Mixed Concrete Truck Drivers: Work-Related Hazards and
Recommendations for Controls [Clark et al. 2001].

A Partnership has been developed with the National Ready Mixed Concrete
Association (NRMCA) and the Construction Safety Director for the Teamsters.
This partnership led to an invitation to a Construction Center researcher to attend
the 2003 National Ready Mixed Concrete Association (NRMCA) safety
conference, held in Denver, Colorado, which opened the door to continued
discussions regarding truck design with truck manufacturers.

Two publications from the Program highlighted the significant role of vehicles or
heavy equipment in falls-from-height incidents at the Denver International Airport
construction site [Lipscomb et al. 2003, 2004].

In a book published as a result of a small grant from the Construction Center, the
problem of falls from railroad and other construction-related equipment on
railroad spurs dedicated to construction projects was addressed [MacCollum
2007].

D) Intermediate Outcomes

Roofs -- Guardrail assembly -- Four companies responded to a program
announcement in the Federal Business Opportunities publication. Construction
Program researchers sent the prototype guardrail assembly to all four
companies. After reviewing the prototype, two companies—Garlock Equipment
Company and Hug One, LLC—expressed interest in producing and marketing
the invention. These companies are currently conducting product development
and cost analyses, and evaluating potential agreements with the Construction
Program to carry forward this manufacturing and marketing venture.

Fall protection harness sizing -- Mine Safety Appliances Co. (MSA) and DBI-
SALA Fall Protection Inc. are currently developing prototype harnesses that
incorporate the Construction Program suggested sizing scheme. Mine Safety
Appliances Co. also has indicated interest in more extensive efforts to develop
next-generation harness designs and prototypes using the criteria and schemes
identified by the Construction Program. Both MSA and DBI-SALA also responded
to a Construction Program announcement in the Federal Business Opportunities
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in 2003 for partnership in harness-sizing studies and in transferring the
knowledge to design and commercialization. Since the two manufacturers
account for about 60 percent of the national market share of fall-arrest
harnesses, the future adoption potential of the new harnesses and sizing
systems in the construction trades is very high.

Virtual reality technologies -- Staff members from the Finnish Institute of Health
and the Japan Occupational Health University have expressed interest in
adopting the Construction Program SSVR concept as a technological foundation
on which to develop their fall prevention research laboratories.

Structures - Leading Edge Fall Protection System -- Several contractors at The
Construction Institute meeting and The Association of Union Constructors
meeting expressed interest in the system and the DVD. See “What's ahead”
section for additional information on this ongoing project.

Fall-Safe program -- St. Paul Insurance company implemented the Fall-Safe
program with 24 of their construction company accounts in the Mid-West region
and Construction Safety Council provided and implemented the program with 16
Chicago-area construction companies. The audit tool concept using a PDA
resulted in an ongoing technology transfer process to transform the audit tool into
a commercially available audit tool for use by the construction industry and
research communities. It has been expanded into other hazard areas and has
the ability to collect data without geographic limitation through a web portal and
to analyze all of this data collectively. The success of this software has also
allowed other researchers to use a PDA based audit tool to collect field data.

Scaffolds -- The Chicago-based Construction Safety Council is incorporating
Construction Program findings in worker training and scaffold competent-person
training materials, e.g., six, interactive, web-based training modules for OSHA.

In addition, Construction Center researcher Michael McCann was appointed in
2006 to the New York City Suspended Scaffold Worker Safety Task Force, which
was formed by the Mayor in response to a series of scaffolding fatalities. The
Task Force produced a study titled “Steps to Safety: Recommendations for
improving the safety of workers on suspended scaffolds” [NYCDOB 2006], and
its recommendations were implemented by the Mayor in 2007. Three companion
safety bills represent additional outcomes from the Task Force: 1) Introductory
Number 522, requiring that all suspended scaffolds be inspected daily, and that a
record of the inspection at the job site be made available to Buildings Department
personnel; 2) Introductory Number 523, requiring any person using or installing a
suspended scaffold hung from a C-hook or outrigger beam to notify the
Department of Buildings at least 24 but no more than 48 hours prior to the start of
their use or installation; and 3) Introductory Number 524-A, setting forth an
increased penalty schedule for non-compliance with the regulations governing
licensed riggers and others who supervise suspended scaffolds.
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Ladders -- While the extension ladder checklists are still undergoing evaluation,
the construction partners involved with the preliminary evaluation® have
continued to use the ladder setup and use checklists.

“Don’t Fall for It” DVD and fact sheets are being used by a number of individuals
and organizations. For example:

-The Construction Institute, Boston Massachusetts is using the DVD throughout
the MA Building Trades apprenticeship and training program.

-The Occupational Health Program at the Massachusetts Department of Public
Health is assessing the program in the vocational technical school system. They
have also shared it with a Massachusetts interagency group on fall prevention.
-The Liberty Mutual Construction Safety Roundtable distributed copies of the
program to 75 contractors.

The Hazard Alert on ladders developed by Construction Center researchers has
also been reproduced and presented in both union and peer print media,
including. The Boilermaker Reporter (International Brotherhood of Boilermakers)
and Contractor Tools and Supplies .

Aerial lifts -- The partnership formed in 2004 between the Construction Program
and SkyJack, Inc. involves an agreement to jointly develop alternative aerial lift
designs and safer work practices to reduce aerial lifts-related injuries and
fatalities. The agreement has been the subject of trade press coverage in trade
press such as Lift and Access Magazine (see the following links for details):

e http://www.liftandaccess.com/index.php?id=295
e http://www.liftandaccess.com/index.php?id=691

A Construction Center researcher is chairing the American National Standards
Institute (ANSI) A.10.29 committee for the proposed standard titled: “Safe
Practices for the Use of Aerial Platforms in Construction.” Balloting of the
proposed standard is expected in 2007.

The Program’s activities will provide information to other international standards
committees. These committees include the ANSI A92 Aerial Platforms Main
Committee and various A92 sub-committees, the U.S. Technical Advisory Group
to ISO Technical Committee 214 Elevating Work Platforms, and the Canadian
Standards Association (CSA) B354 Elevating Work Platforms Technical
Committee. Once successful tests are achieved, this joint Construction Program-
manufacturer research effort should ensure the commercialization and availability
of new safety features on scissor lifts.
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Two trade journals have discussed the Program’s work on aerial lifts [Anon.
2001, Anon. 2003].

Telecommunications towers -- The Telecommunications Tower Task Force
reviewed the leading identified causal factors and, to address these factors,
developed and in 1999, issued a compliance directive entitled, “Interim
Inspection Procedures During Communication Tower Construction Activities”
[OSHA 1999]. To address falls from these towers, which were the leading cause
of fatalities, 100 percent fall protection is now required. This means that tower
erectors have to use fall protection (being attached to the tower or a safe
climbing device) from the time they leave the ground until they return to the
ground. The 100 percent fall protection and personnel hoisting requirements
contained in the initial and revised directive were supported by Construction
Program investigative findings and data input and, when used correctly,
decrease worker exposure to fall hazards. In 2002, the compliance directive was
revised to remove the restriction that employees’ workstations had to be over 200
feet above ground before they could ride hoist lines to the workstations [OSHA
2002].

In 2005, Construction Program data analysis, information from fatality
investigations, and recommendations were used in the development of the North
Carolina Telecommunication Tower Standard, the first state standard in the
nation [NCDOL 2005].

NATE has disseminated more than 8,000 copies of the NIOSH Alert to
conference attendees at their annual conference and expositions.

Information from tower-related Construction Program activities was used to
develop a safety checklist and a three-day train-the-trainer program for OSHA
compliance officers and others, and two safety manuals produced by NATE.

Construction Program researchers also provided the Safety and Environmental
Compliance Office of the Federal Aviation Administration (FAA) in Miami with
information that led to the successful development of a scope of work involving
the retrofitting of a damaged NDB antenna tower at Great Inagua, the Bahamas.
This information included procedures to identify damaged tower components and
procedures to replace these components without causing further damage to the
tower or injury to workers. The FAA was also provided NATE and OSHA contacts
who could supply additional information on accomplishing repair and
replacement operations safely.

The president of wirelessestimator.com developed an article on the use of
Construction Program telecommunication tower-related reports as training aids
for the wireless industry. Wirelessestimator.com is a free Internet service for the
wireless industry. According to this site: “Tower construction industry leaders and
safety professionals believe that FACE reports can be used effectively to create
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a greater awareness of how fatalities can easily arise and what preventative
measures can be taken to keep them from occurring.”™

Finally, Construction Program researchers provided the Principal Specialist
Inspector United Kingdom Health and Safety Executive Technology Division and
the Specialist Team Leader United Kingdom Health and Safety Executive
Technology Division with safety and health information developed jointly by the
Construction Program, OSHA, and NATE pertaining to radio frequency (RF)
radiation and working safely at heights. This information was provided through
links to NIOSH and OSHA web sites.

Vehicles -- The Ready Mixed document is available directly or through links on:

1) OSHA'’s web site
http://www.osha.gov/dcsp/products/topics/concreteproducts/industrycontrols.html
#const

2) The lllinois Ready Mixed Concrete Association website
http://www.irmca.org/links.php?id=12

3) The New York Committee for Occupational Safety and Health website
http://www.nycosh.org/specific_industries/Transportation/transportation.htmi

4) The Mt. Sinai Construction Hygiene and Ergonomics Program website
http://www.thechep.org/publications.html

E) External Factors

Roofs -- Multiple factors interactively affect efforts to prevent falls from roofs.
Worker training on regulations (e.g., use of guardrails, safety nets, or fall-arrest
systems) is the primary focus for preventing falls from roofs. However, many
construction activities are exempted from the regulatory requirements for
practical reasons (i.e., technology, cost, and operation). In addition, research
aimed at preventing falls has been hindered because of the difficulty in accessing
work environments and worker activities at elevation (even with management
and workforce cooperation) and the potential injury risk to researchers. Also,
testing new engineering solutions at elevated construction sites can expose
workers to additional fall exposures and risks.

A major external factor in implementing leading edge fall protection is OSHA'’s
Subpart R on structural steel erection, which allows workers installing metal
decking inside a controlled decking zone to work without fall protection (29 CFR
1926.760(c)(3)). The rationale had been that standard personal fall protection
systems were more hazardous to decking workers than no fall protection. The
evaluation of the leading edge fall protection system described above invalidates
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this assumption. However, this OSHA exemption is a stumbling block in getting
contractors to adopt this system. The major external factor in favor of this leading
edge fall protection system is the large number of fatalities associated with
decking.

Scaffolding -- Scaffolding collapses can be deadly and can result in multiple
fatalities for construction workers. Unlike many other types of construction
accidents, they can also affect the general public, and scaffolding collapses
frequently are covered by local newspapers and TV. As seen in the recent cases
involving New York City, this can serve as an external factor to facilitate
addressing safety and health regulatory and practice gaps.

Two major external factors affecting the safe use of scaffolding systems continue
to be: 1) the proliferation of scaffolds in large cities like New York; and 2)
language barriers. Large scale renovations and new construction means that the
ability of enforcement agencies to inspect the multitude of scaffolds is greatly
decreased. The use of immigrant labor — usually non-union and non-English
speaking — makes training and communication on the job very difficult. In
addition there are a wide variety of fly-by-night contractors who hire
undocumented aliens, provide little if any safety equipment, and then disappear
without paying the workers.

Ladders -- The fast pace and time pressures associated with construction can
contribute to “shortcuts” and use of ladders when other equipment such as
scaffolds would be more appropriate. OSHA does have a standard for ladders
and while it addresses many important design, strength, and ladder set up
issues, it offers only partial coverage of issues related to misuse of ladders or the
extent to which ladders can be used as work platforms.

Aerial lifts -- The lack of specific OSHA standards on all but Vehicle Mounted
Elevating and Rotating Work Platforms (29 CFR 1926.453) is an external factor.

Vehicles — One external factor influencing Ready Mixed truck driver fall safety is
the desire and willingness of truck manufacturers to make modifications to their
vehicle designs. Another is that the OSHA construction standard does not have
requirements for fall protection on vehicles. The definition of walking/working
surface in 29 CFR 1926.500(b)(2) for Subpart M specifically excludes vehicles
and trailers. In addition, transport systems such as trucks or railroad cars that are
used to deliver and deploy construction materials to construction sites are under
the jurisdiction of the U.S. Department of Transportation, not OSHA [MacCollum
2007].
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F) What’s Ahead?

Roofs -- During 2007, guides will be developed to explain visual anchors to
contractors and workers, and to help them select footwear for roofing work.
Interactions with a leading work-shoe manufacturer (Iron Age Corp.) and the
American Society of Testing Materials (ASTM) International Committee F13
(Safety and Traction for Footwear) will continue to transfer research results.

Research results form the sensory-enhancing device for postural stability will be
transferred to the Afferent Corporation to facilitate its further development for
application in the occupational safety field.

WVU has attempted to continue the Fall-Safe program with participating
contractors in WV as a for-pay program. Thus far, there has been interest from 5
of the original participating contractors. The cost of the complete intensive
program may lead to a reduced version of the program for a more practical price
for the contractors. This for-pay program will include an expanded hazard
emphasis, not just falls, so the contractor can receive the benefits of an intensive
management program to reduce the risk of all injury types.

Structures - Leading Edge Fall Protection System. The materials will be piloted
in the field using a steel erection contractor not familiar with the materials or
approach. The purpose is to insure that the training materials are responsive to
worker and contractor questions. The training materials will then be finalized and
the materials will be disseminated using a targeted strategy. It includes
distribution of the final DVD and accompanying materials through the
International Association of Bridge, Structural and Ornamental Iron Workers and
the Association of Union Constructors and steel erection trade journals. The DVD
will be shown at ironworker and steel erection contractor meetings, and at
construction safety and health conferences (e.g., North American Steel
Construction Conference, the Annual Construction Safety Conference in
Rosedale, IL) as well as professional construction safety conferences (e.g.,
American Society of Safety Engineers annual meeting. The pilot program results
will be published in a peer-reviewed article.

Scaffolds — Mast scaffolding systems are a relatively recent development, and
they have been associated with several fatalities. The Construction Center put
together a team of interested stakeholders and researchers to examine the
adequacy of current regulations, best practices, and training for Mast scaffolding
systems. The group includes OSHA, NIOSH, contractors, the International
Masonry Institute, manufacturers, the Scaffold Industry Association, and building
trades unions.

Telecommunications towers -- In November 2006, OSHA and NATE formally

entered into a nationwide partnership agreement. This agreement will require, at
a minimum, that companies entering the partnership have a comprehensive

66



safety and health program, have a competent person as defined by OSHA on
each construction site, have all supervisory personnel complete an OSHA 30-
hour tower safety course, and have all other workers on site complete an OSHA
10-hour safety course. Partner companies cannot have experienced a fatality
within three years that resulted in a serious or willful violation. The Construction
Program will continue to provide OSHA and NATE with updated statistics,
investigative findings, suggested injury prevention measures, and technical
assistance as needed.

Vehicles -- The Construction Center is supporting a small studies grant to The
University of Michigan to conduct an ergonomic study on Ready Mixed concrete
truck ladders. The purpose is to identify ladder tread and handrail factors that
influence grip strength and can affect a person’s ability to recover from an
incipient fall. Using this data, Construction Center researchers, in conjunction
with the Teamsters, intend to go to the truck manufacturers to encourage them to
take these ergonomic factors into account in designing their Ready Mixed trucks
and make retrofit kits available to owners of existing trucks. There will also be a
campaign to convince manufacturers to make up-to-date safety features
mandatory on new trucks, not optional as they are in many instances. Awareness
materials will also be developed for Ready Mixed concrete truck drivers.

NIOSH developed a strategic goal for falls as part of its 2005 strategic goal
development process. The draft goal included various intermediate goals to
inventory current fall protection practices and to fill gaps where technical
approaches either need to be developed in the first place or need modification to
be more cost-effective for smaller employers. It also included draft intermediate
goals to address implementation issues — such as expanding the use of safe by
design practices via demonstration projects and evaluation of the impact of
construction procurement practices on the implementation of fall protection. It
included addressing disproportionate risks to Hispanic construction workers by
identifying and addressing unique underlying causes and it suggested working
with construction partners to develop and implement a national campaign to
reduce fatal and severe injuries associated with falls to a lower level. The topic
of falls was also selected as top traumatic injury problem by the NORA
Construction Sector Council and is undergoing additional discussion as part of
developing a national construction agenda
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Minnesota [1995] Steel Worker Falls 28 Feet To The Ground From Warehouse
Construction Site. Report No. 95MNO066.

Minnesota [1997] Construction Worker Dies After Falling 9 Feet From the Ground
Into the Basement at Townhouse that Was Being Constructed. Report No.
97MNO0O0S8.

Minnesota [1998] Construction Employee Dies After Falling From Building Roof.
Report No. 98MNOO1.

Minnesota [1999] Sheet Metal Worker Dies After Falling 45 Feet From Air Duct.
Report No. 99MNO15.

Missouri [1995] Construction Foreman Dies Following 45-Foot Fall From Roof of
Condominium. Report No. 95M0049.

Missouri [1995] Roofer Dies Following 22-Foot Fall From Residence. Report No.
95M0O074.
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Nebraska [1995] Roofer Falls 20 Feet to His Death. Report No. 95NE010.
Nebraska [1997] 30 Foot Fall From Steel Girder. Report No. 97NE035.

New Jersey [1995] Demolition Laborer Dies After Falling 23 Feet Through a
Warehouse Skylight. Report No. 95NJO31.

New Jersey [1996] Iron Worker Dies After Falling 18 Feet While Constructing a
Roof. Report No. 96NJ059.

New Jersey [1996] Laborer Dies After Falling 30 Feet Through a Fire-vent
Skylight. Report No. 96NJ003.

New Jersey [1996] Construction Worker Killed After Falling Through a Wall
Opening In A Stairwell. Report No. 96NJ024.

New Jersey [1997] Iron Worker Dies After Falling 26 Feet From a Steel Beam.
Report No. 97NJ067.

New Jersey [1997] Worker Killed by 90 Foot Fall from Roof Canopy. Report No.
97NJ069.

New Jersey [1997] Iron Worker Dies After Falling 17 Feet While Building a Roof.
Report No. 97NJ086.

New Jersey [1997] Roofer Dies After Falling 23 Feet Through a School Skylight.
Report No. 97NJO87.

New Jersey [1998] Construction Worker Dies After Falling 21 Feet From A Load
Of Lumber On a Forklift Truck. Report No. 98NJ020.

New Jersey [1998] Carpenter Dies After Falling Into a Stairwell While Installing a
Staircase. Report No. 98NJ038.

New Jersey [1998] Carpenter Dies After Falling Into a Stairwell While Installing a
Staircase. Report No. 98NJ055.

New Jersey [1998] Carpenter Dies After Falling Into a Stairwell While Installing a
Staircase. Report No. 98NJ073.

Oklahoma [1999] Construction Laborer Dies from Injuries Received in a 33-foot
Fall Through a Skylight Opening. Report No. 990K0089.

Texas [1998] A Roofer's Helper Died When He Fell Through Opening In a Roof
and Struck a Concrete Floor. Report No. 98TX128.
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West Virginia [1997] Roofer Dies in West Virginia Following a Fall From a Roof.
Report No. 97WV055.

Wisconsin [2003] Hispanic Painter Dies After Falling From a New House Roof.
Report No. 03WI1042.

Wisconsin [2003] Hispanic Laborer Dies After Falling Through Roof of Old
Building. Report No. 03WI048.

Intervention development/evaluation
Journal articles

Becker P, Fullen M, Akladios M and Hobbs G [2001] Prevention of construction
falls by organizational intervention. Injury Prevention 7(Suppl 1):i64-67.

Becker PE, Fullen M, Akladios M, Carr M and Lundstrom W [2001] Use of a
Hand-Held Computer to Audit Construction Fall Prevention Effectiveness.
International Journal of Computer Integrated Design and Construction; Special
Issue on Computerized Safety Management. 3(1):16-24.

Bobick TG [2004] Falls through roof and floor openings and surfaces, including
skylights: 1992-2000. J Constr Eng Manage. 130(6):895-907.

Hsiao H and Simeonov P [2001] Preventing Falls from Roofs: A Critical Review,
Ergonomics 44(5), 537-561.

Hsiao H, Bradtmiller B and Whitestone J [2003] Sizing and fit of fall-protection
harnesses. Ergonomics. 46(12):1233-1258.

Paine DM and McCann M [2004] Evaluation of a decking fall protection system.
Prof. Safety. 49 (6), 40-43.

Simeonov P and Hsiao H [2001] Height, surface firmness, and visual reference
effects on balance control. Inj Prev. 7 Suppl 1:i50-53.

Simeonov PI, Hsiao H, Dotson BW and Ammons DE [2003] Control and
perception of balance at elevated and sloped surfaces. Hum Factors. 45(1):136-
147.

NIOSH and CPWR Publications

Becker PE, Fullen MD and Takacs B [2003] Safety Hazards to Workers in
Modular Home Construction. Accompanying video posted at www.elcosh.org.
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CPWR [2004] Hazard Alert: Fall Protection Harnesses. Silver Spring, MD:
CPWR.

CPWR [2006] Hazard Alert: Falls From and Through Roofs. Silver Spring, MD:
CPWR.

CPWR [2006] Don’t Fall For It. 11 minute DVD and 4 companion worker tip
sheets. Silver Spring, MD: CPWR.

English W and Marletta W [1995] An Investigation of Surface Slip Resistance On
Structural Steel. Silver Spring, MD: CPWR.

Higgins D [2004] NIOSH Alert: Preventing falls of workers through skylights and
roof and floor openings. DHHS (NIOSH) Publication No. 2004-156.

Conference Papers and Presentations

Becker P and Fullen M [1998] Fall Prevention in Construction by Organizational
Intervention. Paper presented at the International Fall Protection Symposium
1998, Wuppertal, Germany, September.

Becker P, Akladios M, Fullen M and Hobbs G [1999] Fall Protection in
Construction by Organizational Intervention. Implementation of Safety and Health
on Construction Sites, Proceedings of the Second International Conference of
CIB Working Commission W99/Honolulu, Hawaii, March 24-27 1999 (pp. 917-
924). Rotterdam, Netherlands: A.A. Balkema.

Becker P, Fullen M, Akladios M and Hobbs G. [2001] Prevention of Construction
Falls by Organizational Intervention. Presented by Paul Becker at the XXVIth
Symposium of the ISSA Construction Section, Paris, France, December.

Becker P, Fullen M and Takacs B [2004] Fall-Safe: An Exposure Assessment
and Intervention Took for Maintenance Task Hazards. Presented at the Injury
Prevention and Control Workshop, UAW-Daimler-Chrysler National Training
Center, Detroit, Michigan, June.

Becker P, Fullen M and Takacs B [2006] Fall-Safe: A Long-Term Intervention
Program to Reduce Falls in Construction. Poster presentation at the NORA 2006
Conference, Washington DC, April.

Becker P, Fullen M and Takacs B [2006] Fall-Safe Program. Presentation at the
NORA 2006 Conference, Washington DC, April.

Bobick TG and Long DJ [2002] Overview of deaths and injuries caused by falls
through roof and floor openings and surfaces, including skylights, 1992-1998.
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12th Ann Const Saf Health Conf, May 21-23, 2002, Rosemont, lllinois, May :370-
374.

Bobick TG, Keane PR, Biddle EA and Spahr JS [2003] Estimated costs of
injuries caused by falling through roof openings, surfaces and skylights. NOIRS
2003-Abstracts of the National Occupational Injury Research Symposium 2003.
Pittsburgh, PA: NIOSH, Oct: 32-33.

Bobick TG and McKenzie EA [2005] Using guardrail systems to prevent falls
through roof and floor Holes. Proceedings of XVIIth World Congress on Safety
and Health at Work, September 16-20, 2005, Orlando, FL. Itasca, IL: National
Safety Council, Sep:1-18.

Bobick TG and McKenzie EA [2005] Using guardrail systems to prevent falls
through roof and floor holes. Proceedings of the 2005 ASSE Professional
Development Conference, June 12-15, 2005, New Orleans, Louisiana. Des
Plaines, IL: American Society of Safety Engineers, Jun:1-18.

Bobick TG, Cantis DM and McKenzie E [2006] NIOSH-designed adjustable roof
bracket and safety rail assembly. NORA Symposium 2006: Research Makes a
Difference! April 18-26, 2006, Washington, DC. NIOSH, Apr:141-142.

Fullen M [2000] Fall-Safe, West Virginia and Beyond. Proceedings of the 10th
Annual Construction Safety Conference, Rosemont, IL. p. 329.

Fullen M [2000] Introduction to Fall-Safe. Presented at the 2nd Annual Fall-Safe
Kickoff Meeting, November 17, 2000, Morgantown, WV, November.

Fullen M [2000] Fall Prevention by Organizational Intervention. Presentation at
the International Fall Protection Symposium, October 18-19, 2000, Orlando, FL.

Fullen M [2001] Fall-Safe: Fall Prevention by Organizational Intervention.
International Society for Fall Protection News; Spring.

Fullen M [2001] Fall Protection In Construction. Presented as a Crossover
Session at the AlHce (Association of Industrial Hygienists Conference and expo),
New Orleans, LA, June.

Fullen M, Monson M and Kunickis K [2001] Fall-Safe. Presented at the 11th
Annual Construction Conference, Chicago, IL, February.

Fullen M, Monson M and Satti P [2002] Fall-Safe Partnership. Presented at the
12th Annual Construction Safety & Health Conference, Rosemont, IL, May.

Fullen M, Becker P and Akladios M [2002] Prevention of Construction Falls by
Organizational Intervention. Montreal Conference Proceedings, 6th World
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Conference Injury Prevention and Control Abstracts Resumes, May 12-15, 2002
(pp. 317-318).

Fullen M, Becker P and Akladios M [2003] Fall-Safe Partnership: Results of
Research. Presented at NORA Symposium 2003, Washington, DC, June.

Fullen M, Becker P, Takacs B and Akladios M [2003] Prevention of Construction
Falls by Organizational Intervention. Presented at National Occupational Injury
Research Symposium (NOIRS) 2003, Pittsburgh, PA, October.

Fullen M and Monson M [2003] Fall Prevention through Organizational
Intervention. Presented at the International Society of Fall Protection Conference
2003, Chicago, IL, September.

Fullen M, Monson M and Scott C [2003] Fall-Safe. Presented at the 13th Annual
Construction Safety & Health Conference, Rosemont, IL, February.

Fullen M [2004] Fall-Safe. Proceedings of 14th Annual Construction Safety
Conference & Exposition., Rosemont, Il, February.

Fullen M and Takacs B [2004] Use of an Audit Tool for Fall Hazard Reduction on
Construction Sites. Presented at the American Industrial Hygienist Conference
and Expo (AlHce), Atlanta, GA, May 2004.

Fullen M and Takacs B [2006] Occupational Fall Prevention Through
Organizational Intervention. Presentation at Outreach Scholarship 2006
Conference, Columbus, OH, October 2006.

Kincl L, Bhattacharya A and Succop P [2002] The Effect of Challenging
Somatosensory Inputs on Eye Movement and Postural Sway Patterns of
Workers. Proc Hum Fact Erg Soc 46th Ann Meeting. Sep-Oct:1176-1180.

McCann M [2003] Evaluation of a fall protection system for installing metal
decking. Presented at 13th annual Construction Safety Conference, Rosemount,
IL, February.

McKenzie EA, Bobick TG and Cantis DM [2004] Design of testing apparatus to
evaluate the strength of guardrail systems. Proceedings of IMECEO4, 2004
ASME International Mechanical Engineering Congress and Exposition,
November 13-20, 2004, Anaheim, California, New York: The American Society of
Mechanical Engineers, Nov:1-6.

Simeonov Pl and Hsiao H [2000] Visual reference effect on balance control in
roof work. NOIRS 2000--Abstracts of the National Occupational Injury Research
Symposium 2000, Pittsburgh, PA, October 17-19, 2000. Pittsburgh, PA: NIOSH,
Oct:26.
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Simeonov P, Hsiao H and Ammons D [2003] Postural adaptation at elevated and
sloped surfaces. NOIRS 2003-Abstracts of the National Occupational Injury
Research Symposium 2003. Pittsburgh, PA: NIOSH, Oct: 84.

Simeonov P, Hsiao H, Amendola A, Powers J, Ammons D, Kau T and Cantis D.
[2005] Footwear effects on workers' instability in a virtual roof workplace.
American Industrial Hygiene Conference and Expo, May 21-26, 2005, Anaheim,
California. Fairfax, VA: American Industrial Hygiene Association, May:49.
Additional Outputs

Kulkarni RV and Coonly EJ [2004] Electronic safety device for construction
workers. Final Grant Report,Grant-Number-R44-OH-003497, NIOSH, Apr:1-12.

Lundstrom W [1997] Fall Safe: A Contractor's Guide to Fall Hazard Management.
Morgantown, WV: West Virginia University Safety and Health Extension.

MacCollum DV [2007] Chapter 10, Section 2—Fall protection. In Construction
Safety Engineering Principles: Designing and Managing Safer Job Sites. New
York: McGraw-Hill, pp. 219-228.

Mohan S and Wobschall D [1999] Development of a safetybelt for construction
workers. Final Grant Report, Grant-Number-R43-OH-003497. NIOSH, Mar:1-32.

Utility patent filed on October 24, 2005 for an adjustable roof guardrail assembly
that can accommodate a roof pitch range of 27° to 63° (CDC Ref. No. 1-016-04).

Outputs -- Scaffolds
Surveillance and Risk factor identification
Journal articles

McCann M [2003] Deaths in Construction Related to Personnel Lifts, 1992-99. J.
Safety Research. 34: 507-514.

NIOSH and CPWR Publications

CPWR [2002] Deaths Related to Falls, Collapses, and Trench Cave-ins. In: The
Construction Chart Book, The U.S. Construction Industry and Its Workers. 3rd
edition. Silver Spring, MD: CPWR, p. 37.

NIOSH [2000] Fall from scaffolding. Worker Deaths By Falls: A Summary of

Surveillance Findings and Investigative Case Reports. DHHS (NIOSH)
Publication No. 2000-116, pages 64-119.
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Conference Papers and Presentations

McCann M, Halperin K and Merritt WH [2002] Scaffolds: Something Old;
Something New, Presented at 12th Annual Construction Safety Conference,
Rosemount, IL, May 22, 2002.

McCann M [2002] Suspended Scaffolds, Presented at 12th Annual Construction
Safety & Health Conference & Exposition, Rosemont, IL, May 22.

McCann M [2003] Deaths in Construction Related to Personnel Lifts, 1992-99. J.
Safety Research. 34: 507-514.

McCann M [2004] Suspended Scaffolds, Presentation to staff at the International
Masonry Institute John Scola Training Center, NYC. December 1, 2004.

Additional Outputs

California [1998] Hod Carrier Dies and Three Coworkers Injured in Fall From
Rolling Tower Scaffold in California. Report NO. 98CAO017.

Casini V [1998] Scaffold erector dies after falling 60 feet from scaffold inside
boiler— South Carolina. Report No. 98-08.

Colorado [1991] Mason Dies after Falling 18 Feet from Scaffolding. Report No.
91CO0002.

Maryland [1994] Carpenter Dies Following 13-Foot Fall From a Scaffold Collapse
While Setting Trusses on a Barn Construction. Report No. 94MDO004.

Maryland [1994] 45-year-old Drywall Installer Dies After Falling 5'4" From a
Mobile Scaffold. Report No. 94MD024.

Maryland [1997] A Laborer Dies Following a Forty-six-foot Fall from a Scaffold.
Report No. 97MD045.

Massachusetts [1995] Mason Falls When Granite Block Tips Onto Scaffold.
Report No. 95MAO041.

Massachusetts [1996] Self-employed Siding Installer Dies After 11 Foot Fall from
Scaffold. Report No. 96 MAQ027.

Massachusetts [1996] New Jersey Carpenter Dies in Fall From Scaffold. Report
No. 96MA029.

Minnesota [1995] Carpenter Dies From Injuries Sustained After Falling 14 Feet
When Scaffold Collapsed. Report No. 95MNO11.
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Minnesota [1996] Construction Worker Dies After Falling 13 Feet From A
Scaffold. Report No. 96MNO085.

Missouri [1998] Sliding Installer Dies After Six Foot Fall From Ladder-Jack
Scaffolding. Report No. 98MO035.

Nebraska [1998] Falling Portable Scaffold Kills Carpenter. Report No. 98NE032.

NIOSH. [1998] Scaffold Erector Dies After Falling 60 Feet From Scaffold Inside
Boiler--South Carolina. Report No. 9808.

New Jersey [2003] Hispanic Construction Worker Dies After Fall from an
Improvised Scaffold. Report No. 03NJ091.

New Jersey [2004] Hispanic construction worker dies after fall from an
improvised Scaffold. Report No. 03NJO91.

Oklahoma [1999] Supervisor for a Drywall Contractor was Fatally Injured when
he Fell and Became Entangled in the Frame of a Manually Propelled 6-foot
Mobile Scaffold. Report No. 990K013.

Oklahoma [2001] A 13-year-old Construction Laborer Died When He Fell From A
Scaffold Board and Struck A Scaffold Cross-brace. Report No. 010K076.

Wisconsin [2003] Amish Carpenter Dies after Falling from Scaffold. Report No.
03WI097.

Intervention development/evaluation
Journal articles

Cutlip R, Hsiao H, Garcia R, Becker E and Mayeux B [2000] A comparison of
postures for scaffold end-frame disassembly. Appl Ergon 2000 Oct; 31(5):507-
513.

Cutlip R, Hsiao H, Garcia R, Becker E and Mayeux B [2002] Optimal Hand
Locations for Safe Scaffold-End-Frame Disassembly. Appl Ergon 2002 Jul
33(4):349-355.

Halperin K and McCann M [2004] An Evaluation of Scaffold Safety on
Construction Sites. J. Safety Research. 35, 141-150.

Hsiao H and Stanevich RL [1996] Biomechanical Evaluation of Scaffolding
Tasks. Int J Ind Ergon 1996 Dec;18(5/6):407-415.
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Hsiao H, Simeonov P, Dotson B, Ammons D, Kau T-Y and Chiou S [2005]
Human responses to augmented virtual scaffolding models. Ergonomics. 2005
Aug;48 (10):1223-42.

NIOSH and CPWR Publications

CPWR [1999] Scaffold Safety Hazard Alert. CPWR: Silver Spring, MD.
Fuhr P [1998] Smart, safe scaffolding. NIOSH 1998 Feb;1-36, SBIR.

NIOSH [2006] NIOSH Safety Checklist Program for Schools. Scaffolding--Part 1.:
Self Inspection Checklist. October 2003, Revised November 2006.

NIOSH [2006] NIOSH Safety Checklist Program for Schools. Scaffolding--Part 2:
Self Inspection Checklist. October 2003, Revised November 2006.

Conference Papers and Presentations

Dotson B; Hsaio H; Chiou SS and DiPasquale JJ [1997] Occupational traumatic
injury prevention using virtual reality. NOIRS 1997 Abstracts of the National
Occupational Injury Research Symposium 1997. Washington, DC: National
Institute for Occupational Safety and Health, 1997 Oct:45-46.

Halperin K and McCann M [2002] An Evaluation of Scaffold Safety. Proceedings
of the 12th Annual Construction Safety & Health Conference & Exposition,
Rosemont, IL, May 22, p. 148.

McCann M and Halperin K [2003] Evaluation of Scaffolds at Construction Sites,
Poster presentation at NIOSH NOIRS 2003 Conference, Pittsburgh, PA, October.

Additional Outputs

Burkart MJ, McCann M and Paine DM [2004] Supported Scaffolds and
Suspended Scaffolds. In Elevated Work Platforms and Scaffolding, New York:
McGraw-Hill.

Outputs -- Ladders

Surveillance and Risk factor identification

Journal articles

Hofmann J; Snyder K and Keifer M [2006] A descriptive study of workers'

compensation claims in Washington State orchards. Occup Med 2006 Jun;
56(4):251-257.
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Husberg BJ, Fosbroke DE, Conway GA and Mode NA [2005] Hospitalized
nonfatal injuries in the Alaskan construction industry. Am J Ind Med. 2005
May;47(5):428-33.

Smith GS, Timmons RA, Lombardi DA, Mamidi DK, Matz S, Courtney TK and
Perry MJ [2006] Work-related ladder fall fractures: identification and diagnosis
validation using narrative text. Accid Anal Prev. 38(5):973-980.

NIOSH and CPWR Publications

CPWR [2002] The Construction Chart Book. 3rd edition. Silver Spring, MD,
CPWR, Page 37.

Hadipriono FC, Vargas CA, Yoo WH [1995] Safety First: A Fault Tree Expert
System for Construction Falls, Volume I: The Knowledge Acquisition.
Construction Laboratory for Automation and System Simulation, Department of
Civil Engineering, Ohio State University 1995 Dec. (107 pages).

Hofmann J, Snyder K and Keifer M [2006] A descriptive study of workers'
compensation claims in Washington State orchards. Occup Med 2006 Jun;
56(4):251-257.

NIOSH [2000] Worker Deaths by Falls: A Summary of Surveillance Findings and
Investigative Case Reports. Fall from ladder DHHS (NIOSH) Publication No.
2000-116, pages 39-63.

Conference Papers and Presentations

Chiou S, Pan C, Zwiener J, Cantis D and Ronaghi M [2006] Lower extremity
balance demand for construction workers on stilts. American Industrial Hygiene
Conference and Expo, May 13-16, 2006, Chicago, lllinois. American Industrial
Hygiene Association: Fairfax, Virginia, May:30.

Chiou S, Pan C, Zwiener J and Ronaghi M [2005] Effects of construction stilts on
gait characteristics and joint loadings. American Industrial Hygiene Conference
and Expo, May 21-26, 2005, Anaheim, California. Fairfax, VA: American
Industrial Hygiene Association, May:49.

Conroy P, Lineberry GT, Jameson R, McCann M, Scharf T, Sulecki, R and
Wiehagen, W [2002] Learning with Ladder Guys, Session 7G, Proceedings, 12"
Annual Construction Safety & Health Conf., Chicago, IL, pp. 395-408, May.

Lineberrry GT, Wiehagen W, Isaacs S, Powers L, Kidd P, McCann M and Scharf

T [2004] Safety Climate in Mining, Agriculture, and Construction—One Step at a
Time, Washington, DC, Oct. 27.

85


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Husberg+BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Fosbroke+DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Conway+GA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Mode+NA%22%5BAuthor%5D

McCann M [2000] Analysis of 1997 Construction Fall Fatalities. Poster session
presented at National Occupational Injury Research Symposium Pittsburgh, PA,
October, 2000.

Scharf T, Wiehagen B and McCann M [2003] ESL Exercise and Fall Hazard
Recognition Training, Presented at the Northern New Jersey lronworkers Fund,
Springfield, NJ, May 2-3.

Smith GA, Timmons RA, Mamidi D, Lombardi DA, Matz S, Courtney T and Perry
MJ [2006] Fractures from work related ladder falls: Case identification and
proportionate analysis. Accident Analysis and Prevention. Sept; 38(5): 973-980.

Smith GS, Timmons RA, Lombardi DA, Mamidi DK, Matz S, Courtney TK and
Perry MJ. [2006] “Narrative text analysis to identify injury causes and validate
nature of injury coding: Fractures resulting from ladder falls”. Presented at 8th
World Conference on Injury Prevention & Safety Promotion in Durban, South
Africa, April 2-5.

Smith GS, Timmons RA, Lombardi DA, Mamidi DK, Matz S, Courtney TK and
Perry MJ [2006] “Identifying ladder fall fractures and coding verification using
narrative text analysis” Presented at International Ergonomics Association 16th
Congress, Maastricht, The Netherlands, July 10 — 14.

Additional Outputs

California [1996] Carpenter Dies in a Fall From a Ladder When Circular Saw
Slashes His Neck in California. Report No. 96CA013.

California [1996] Electrician Apprentice Dies in a Fall From a Ladder in California.
Report No. 96CA015.

California [1998] Sheet Metal Worker Falls Off Step Ladder and Dies in
California. Report No. 98CAO006.

California [1998] Electrician apprentice dies in a fall from a ladder in California.
Report No. 96CA015.

Kentucky [1998] Electrician Dies in 6-foot Fall from Ladder. Report No. 98KY014.

Maryland [1998] Painter Falls 24-feet from a Ladder Placed on Mobile Tubular
Steel Scaffold. Report No. 98MDO016.

Maryland [1998] A Siding Mechanic Falls from a Ladder After He Contacted a
Power Line. Report No. 98MDO0109.
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Maryland [1996] Plumber Dies of Injuries Received from a Twenty-two-foot Fall,
Off an Extension Ladder, at a Construction Site. Report No. 96MDO036.

Massachusetts [1995] Plumber Falls When Extension Ladder Collapses. Report
No. 95MA042.

Massachusetts [1998] Elevator Mechanic Dies in Twenty Foot Fall from a Fixed
Ladder on the Side of a Building. Report No. 98MA030.

Massachusetts [2002] A Portuguese Speaking Laborer Working for a Korean
Speaking Employer is Fatally Injured After Falling From an Extension Ladder.
Report No. 02MA042.

Michigan [2005] Carpenter Dies After He Jumped/Lost Balance From An
Unsecured Ladder That Fell Due To A Wind Gust. Michigan Case Report:
05MI051.

Michigan [2005] Construction Laborer Dies After Falling from Ladder. Michigan
Case Report: 05MI1163.

Minnesota [1998] Worker Dies After Falling 20 Feet From An Extension Ladder.
Report No. 98MNO013.

Minnesota [1998] Worker Dies After Falling 15 Feet From An Extension Ladder.
Report No. 98MNO01301.

Nebraska [2004] Hispanic Laborer Falls With Ladder to Concrete Pad. Report
No. 04NE034.

Nebraska [2006] Hispanic Asbestos Remover Falls to Death from Ladder. Report
No. 06NE0O02.

New Jersey [1995] Carpenter Dies After Falling From A Ladder At A Construction
Site. Report No. 95NJ037.

New Jersey [1995] Carpenter Dies After Falling From A Ladder At A Construction
Site. Report No. 95-NJ-037-01.

New Jersey [1997] Maintenance Contractor Dies After Falling From A Ladder.
Report No. 97-NJ-045-01.

New Jersey [1997] Air-conditioning Service Technician Dies After Falling From a

Fixed Ladder While Climbing to A Roof Hatch in New Jersey. Report No. 97-NJ-
059-01.
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Smith GS, Timmons RA, Lombardi DA, Mamidi DK, Matz S, Courtney TK and
Perry MJ [2006] Work-related ladder fall fractures: Identification and diagnosis
validation using narrative text. Accident analysis and prevention. 38(5):973-980.
Research support was provided in part by NIOSH ERC Grant T42 CCT122961
and Center to Protect Workers’ Rights Cooperative Agreement U54 OH008307.

Washington [1997] Painter Dies After Falling From a Stepladder While Painting
an Outdoor Stairway. Report No. 97-NJ-062-01.

Washington [1998] Construction Contractor Killed by Fall from Ladder. Report
No. 98WAO086.

West Virginia [1997] Pipefitter Testing Chill Water Lines Dies Following an
Unexpected Pressure Release Which Resulted in a Four-Foot Fall From a
Stepladder. Report No. 97WV034.

Intervention development/evaluation

Journal articles

Becker P, Fullen M, Akladios M and Hobbs G [2001] Prevention of construction
falls by organizational intervention. Injury Prevention 7(Suppl 1):i64-67.

NIOSH and CPWR Publications

Construction Safety Council [2007] Don’t Fall For It — Choosing and Inspecting
Ladders, a CPWR flier. Executive Safety Update, Vol. 14, issue 7, January.

CPWR [2000] Hazard Alert on Ladder Safety. Silver Spring, MD: CPWR.
CPWR [2004] Portable Ladder Safety: Hazard Alert. Silver Spring, MD, CPWR.

CPWR [2005] Fact sheets for “Don’t Fall for It” DVD. Silver Spring, MD: CPWR:
#1 Protect Yourself from Fatal or Crippling Falls
#2 Choosing and Inspecting Ladders
#3 Setting Up Portable Ladders
#4 Climbing Ladders Safely

NIOSH [2006] NIOSH Safety Checklist Program for Schools. Portable Ladders:
Self Inspection Checklist. October 2003, Revised November 2006.

Conference Papers and Presentations

Disselkamp J, Smith S and Lineberry GT [2006] Monte Carlo Simulations for
Ladder Overturning to Evaluate the ‘Belt-Buckle Rule’, 2006 ASME International
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Mechanical Engineering Congress and Exposition, Safety Engineering and Risk
Analysis Division.

Gittleman JL [2006] Don't Fall for It: Ladder Safety Intervention in New Jersey.
National Association of Union Constructors, Safety/Labor Forum, Washington,
DC, August 14.

Gittleman JL [2006] Don't Fall for It: Ladder safety intervention research and
DVD. CPWR National Resources Center OSHA 500 Master Instructor Meeting,
Silver Spring, MD October 1.

Gittleman JL [2006] Don't Fall for It: Ladder safety intervention research and
DVD. Building Trades Training Directors Association of Massachusetts, Canton,
MA, October 15.

Gittleman JL [2006] Don't Fall for It: Ladder safety intervention research and
DVD. CPWR Technical Advisory Board Meeting Boston, MA, November 2.

Gittleman JL [2006] Don't Fall for It: Ladder safety intervention research and
DVD. Construction Safety Roundtable, Liberty Mutual, Boston, MA, November
14.

Gittleman JL [2006] Don't Fall for It: Ladder safety intervention research and
DVD. George Washington University, Occupational and Environmental Health
Department, Seminar Series, Washington, DC, November 29.

Gittleman JL [2007] Don’t Fall It: Ladder safety intervention research and DVD.
Building Trades Apprenticeship and Training Committee. Washington, DC,
February 20.

Heidotting T [2002] Examining the impact of narrative case studies in toolbox
talks for building construction. Best Practices in Occupational Safety and Health.
Baltimore, MD.

Hsiao H, Simeonov P, Pizatella T, Stout N, McDougall V and Weeks J [2006]
Technologies for reducing fall risks associated with extension ladders.
Proceedings of the 16th World Congress on Ergonomics (IEA2006), Maastricht,
The Netherlands, July 10-14, 2006. Pikaar RN, Koningsveld EAP, Settels PJM,
eds., Madison, WI: International Ergonomics Association, 2006 Jul; :1-6.

International Brotherhood of Boilermakers [2004] Hazard Alert: Portable Ladders,
The Boilermaker Reporter, Mar-Apr-May, p. 13. (Based on CPWR hazard alert)

Lineberry GT, Scharf T, Jameson R, McCann M, Sulecki R and Wiehagen WJ
[2002] An Educational Intervention for Extension Ladder Set-up and Use.

89



Proceedings of the 12" Annual Construction Safety & Health Conference &
Exposition, Rosemont, IL, May.

Lineberry GT, Wiehagen WJ, Scharf T and McCann M [2002] Progress Toward a
Multi-use Educational Intervention for Reducing Injury Risk in the Set-up and Use
of Extension Ladders, 6™ Int'l Conf., Scientific Committee on Education and
Training in Occupational Safety & Health, Baltimore, MD, Oct. 27-30.

Lineberry GT [2002] Reducing Injury Risk in the Set-up and Use of Extension
Ladders in Small Construction, invited speaker, staff seminar, NIOSH, Cincinnati,
OH, Dec. 10.

Lineberry GT, Scharf T and Wiehagen WJ [2003] A Multi-use Educational
Intervention for Reducing Injury Risk in the Set-up and Use of Extension

Ladders, Maine Occupational Research Agenda - 2" Regional Conference Using
Research to Improve Workplace Safety & Health, Portland, ME, May 21-22.

Lineberry GT and Scharf T [2004] Evaluation of a Training Intervention for
Improving Extension Ladder Safety, Meeting of Kentucky Roofing Contractors
Association, Lexington, KY, June 15.

Lineberrry GT, Wiehagen W, Isaacs S, Powers L, Kidd P, McCann M and Scharf
T [2004] Safety Climate in Mining, Agriculture, and Construction—One Step at a
Time, Washington, DC, Oct. 27.

McCann M [2004] Take the next step in ladder safety. Contractor Tools and
Supplies, September-October, pp. 20-22.

Scharf T, Wiehagen B and McCann M [2003] ESL Exercise and Fall Hazard
Recognition Training, Presented at the Northern New Jersey Ironworkers Fund,
Springfield, NJ, May 2-3.

Scharf T, Wiehagen B, McCann M, Lineberry GT, Repmann R and Pierson K [
2007] Two interventions in construction: Preventing falls by promoting hazard
recognition and reducing crew variability in extension ladder set-up and use.
Presentation to the Tri-State Safety Dialog. NIOSH, Cincinnati, Ohio, January.

Wiehagen B, Ramani R, Calhoun B, Flick J, Radomsky M, Russell G, Haggerty
J, Kowalski K, Rethi L, Stephenson CM and Scharf T [2002] Ladder simulation
exercise for construction, mining, and other industries. ICOH, 2002 Oct:63.
Additional Outputs

MacCollum DV [2007] Chapter 10, Section 4—Ladders. In Construction Safety

Engineering Principles: Designing and Managing Safer Job Sites. New York:
McGraw-Hill, pp. 236-243.
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McCann M [2004] Take the next step in ladder safety. Contractor Tools and
Supplies, September-October, pp 20-22.

Burkart MJ, McCann M and Paine DM [2004] Ladders. In Elevated Work
Platforms and Scaffolding, New York: McGraw-Hill.

Outputs -- Aerial Lifts
Surveillance and Risk factor identification
Journal articles

McCann M [2003] Deaths in construction related to personnel lifts, 1992-99. J.
Safety Research. 34, 507-514.

Conference Papers and Presentations

McCann M and Chowdhury R [2000] Analysis of 1997 construction fall fatalities.
Poster presentation at NIOSH NOIRS 2000 Conference, Pittsburgh, PA, October.

McCann M [2001] Deaths from aerial lifts in construction. The Steel Toe,
Midstate Central Labor Council, Ithaca, NY, August.

McCann M [2002] Deaths from Aerial Lifts in Construction, Presented at Building
and Construction Trades Department Safety Committee meeting, March 14.

McCann M [2002] Aerial Lift Safety in Construction, Presented at 12th Annual
Construction Safety Conference, Rosemount, IL, May.

McCann M [2003] Deaths in construction related to personnel lifts, 1992-99. J.
Safety Research. 34, 507-514.

McCann M (moderator) [2004] How Dangerous Are Aerial Platforms? Panel
discussion, first Aerial Platform Safety Conference, Dallas, TX, November.

Paine DM and McCann M [2005] What's Up with Aerial Lifts, Presented at Suits
and Boots Conference, LM Construction Safety Alliance, Randolph, MA, March
2, 2005.

Pan CS, Hoskin A, Lin M, Castillo D, McCann M and Fearn K [2004] Incidents

Due To Aerial Work Platforms. Presented at first Aerial Platform Safety
Conference, Dallas, TX, November 2004.
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Pan CS, Hoskin A, Lin M, Castillo D, McCann M and Fearn K [2005] Incidents
Due To Aerial Work Platforms. Presented at World Safety Congress, September
20, 2005.

Weeks J [2004] Work Practices in Aerial Lifts. Presented at first Aerial Platform
Safety Conference, Dallas, TX, November 2004.

Additional Outputs

Braddee R [1996] Supervisor dies as a result of injuries sustained in fall with
powered vertical lift aerial platform-Virginia., FACE Report No. 96-18.

Massachusetts [1998] Self-employed Electrician Dies While Driving Aerial Lift in
Parking Garage. Report No. 98MA043

McCann, M [2001] Deaths from aerial lifts in construction. NECA Safety News,
Bethesda, MD, September.

McCann M [2001] Deaths from aerial lifts in construction. The Steel Toe,
Midstate Central Labor Council, Ithaca, NY, August.

Moore P and Cutlip G [1996] Painter dies after falling from aerial platform-
Virginia. FACE Report No. 96-20.

Moore P [2003] Part-time laborer pinned between scissor lift work platform railing
and doorway header—Virginia. FACE Report No. 2003-01.

Nebraska [2000] Steel Erector Falls From Scissor Lift. Report No. OONEO050.

New Jersey [2000] Electrician Killed When Scissor Lift Tips Over. Report No.
OONJO73

NIOSH [1995] Janitorial worker dies as a result of injuries sustained in fall with
personnel lift -- Virginia. Report No. 95-16.

Weeks J and McCann M [2005] Falls from Aerial Lifts Raise Growing Concern.
Lift and Access Magazine, July 22.

Intervention development/evaluation
NIOSH and CPWR Publications
CPWR [2002] Hazard Alert on Aerial Lifts. CPWR. Silver Spring, MD.

Conference Papers and Presentations
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McCann M [2004] Aerial Lift Safety in Construction, 1992-99, Presented at first
Aerial Platform Safety Conference, Dallas, TX, November.

Additional Outputs

Burkart MJ, McCann M and Paine DM [2004] Mobile Scaffolds, Aerial Lifts and
Elevating, and Rotating Platform Scaffolds. In Elevated Work Platforms and
Scaffolding, New York: McGraw-Hill.

MacCollum DV [2007] Chapter 8, Section 5: Aerial platforms. In Construction
Safety Engineering Principles: Designing and Managing Safer Job Sites. New
York: McGraw-Hill, pp. 110-113.

Outputs -- Towers
Surveillance and Risk factor identification
NIOSH and CPWR Publications

Casini V, Castillo DN and Lentz TJ [2001] NIOSH alert: Preventing injuries and
deaths from falls during construction and maintenance of telecommunication
towers. DHHS (NIOSH) 2001-156.

Conference Papers and Presentations

Casini VJ [1999] Communication Towers: A Rising Injury Risk, presented as part
of the OSHA train the trainer Telecommunication Tower course in Cleveland,
Ohio 1999.

Casini VJ [2000] The NIOSH, OSHA, NATE partnership for the prevention of
injury to telecommunication tower construction and maintenance workers. NOIRS
2000--Abstracts of the National Occupational Injury Research Symposium 2000,
Pittsburgh, PA, October 17-19, 2000:57, NIOSH.

Casini VJ, presented by Castillo DN [2000] Communication Towers: A Rising
Injury Risk, presented to the NIOSH Board of Scientific Counselors in 2000.

Casini VJ [2000] Communication Towers: A Rising Injury Risk, presented to
North Carolina stakeholders meeting in Raleigh, NC.

Casini VJ [2000] The NIOSH, OSHA, NATE Partnership for the Prevention of

Injury to Telecommunication Tower Construction and Maintenance Workers,
presented at NOIRS 2000.
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Casini VJ [2000] NIOSH, OSHA, NATE Efforts for the Prevention of Injury to
Telecommunication Tower Construction and Maintenance Workers, presented at
the 2000 NATE annual conference.

Casini VJ [2001] Communication Towers: A Rising Injury Risk, presented at the
NATE annual conference in Dallas, Texas 2001.

Casini VJ [2001] Poster presentation, NIOSH, OSHA, NATE Efforts for the
Prevention of Injury to Telecommunication Tower Construction and Maintenance
Workers, presented at the National Safety Council in Atlanta 2001.

Casini VJ [2001] Communication Towers: A Rising Injury Risk, presented as part
of the OSHA Telecommunication Tower course in Philadelphia, PA. 2001.

Casini VJ [2003] Communication Towers: A Case Study, presentation given at
NATE 2003 annual conference.

Casini VJ, Presented by Medlock R (Cleveland Area OSHA Director) [2005]
Efforts for the Prevention of Injury to Telecommunication Tower Construction and
Maintenance Workers, presented at the NATE 2005 annual conference by OSHA
personnel. Author could not attend due to weather.

Additional Outputs

Casini V [2000] Three tower painters die after falling 1,200 feet when riding the
hoist line—North Carolina. FACE Report No. 2000-07.

Casini, V [1997] Tower erector/inspector dies after falling 200 feet from
telecommunications tower to the ground-North Carolina. FACE Report No. 97-10.

Casini V and Lentz TJ [1998] NIOSH—A Resource for Occupational Health and
Safety Support. Tower Times 4(10):35, 37, October.

Casini V [1998] Tower worker dies after falling 130 feet from hoist cable to
ground-Pennsylvania. FACE Report No. 98-05.

Casini V [1998] Tower erector dies after falling 125 feet from cellular phone
tower—South Carolina. FACE Report No. 98-07.

Casini V [1998] Tower erector dies after falling 200 feet from telecommunication
tower—North Carolina. FACE Report No. 98-20.

Casini V [1998] Tower painter dies and a second painter injured after falling 900
feet while inside a man basket—South Carolina. FACE Report No. 98-21.
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Casini V [1999] Tower hand dies after 230-foot fall from communications tower—
North Carolina. FACE Report No. 99-01.

Casini V [2000] Three tower painters die after falling 1,200 feet when riding the
hoist line—North Carolina. FACE Report No. 2000-07.

lowa [1997] Mobile Tower Crane Falls 180 feet to the Ground Killing the Crane
Operator. Report No. 971A052.

Lentz TJ and Casini V. [1999] Falls - a deadly hazard for tower workers. Tower
Times. 5(3):5-6.

Missouri [1998] Tower Construction Worker Dies Following 200- Foot Fall from
Radio Tower. Report No. 98M0O102.

Missouri [1998] Tower Construction Worker Dies Following 940-Foot Fall from
Television Tower. Report No. 98M0O161.

Missouri [1999] Tower Construction Worker Dies Following 40-Foot Fall From
Cellular Tower. Report No. 99M0138.

Nebraska [2002] Telecommunications Tower Maintenance Worker Struck by
Cable. Report No. 02NEO013.

Nebraska [2003] Hispanic Tower Erector Falls to Death from Television Tower.
Report No. 03NEO019.

Outputs -- Elevators
Surveillance and Risk factor identification
NIOSH and CPWR Publications

McCann M [2001] Deaths and Injuries Involving Elevators or Escalators: A
Report of the Center to Protect Worker’s Rights. Silver Spring, MD, CPWR.

McCann M [2004] Deaths and Injuries Involving Elevators or Escalators: A
Report of the Center to Protect Worker's Rights. 2" edition. Silver Spring, MD,
CPWR.

McCann M [2006] Deaths and Injuries Involving Elevators or Escalators: A
Report of the Center to Protect Worker's Rights. 3" edition. Silver Spring, MD,
CPWR.

Additional Outputs
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Casini VJ [2002] A 16-year-old roofer helper dies after 28-foot fall down an
unguarded elevator shaft opening — Pennsylvania. FACE 2000-23.

California [2005] A Construction Elevator Operator Died When He Was Struck by
the Counterweights of a Construction Elevator in Motion. Report No. 05CA009.

lowa [1995] Construction Worker Falls to His Death While Repairing Elevator.
Report No. 951A007.

Maryland [1996] An Elevator Construction Foreman Was Caught Under an
Elevator Car and Died of Head and Neck and Compression Asphyxia. Report No.
96MDO055.

Nebraska [1998] Ironworker Falls into Elevator Pit. Report No. 98NE013.

Nebraska [1995] Worker Falls 33 Feet While Constructing Elevator Shaft. Report
No. 95NEO17.

Oregon [2003] Home Construction Worker Falls Down Elevator Shaft. Report No.
030RO010.

Outputs -- Vehicles

Surveillance and Risk factor identification

Journal articles

Layne LA, Keshia M and Pollack KM [2004] Nonfatal Occupational Injuries from
Slips, Trips, and Falls among Older Workers Treated in Hospital Emergency
Departments, United States 1998. Am J Industrial Med. 46:32—41.

Lipscomb HJ, Glazner J, Bondy J, Lezotte D and Guarini K [2004] Analysis of
text from injury reports improves understanding of construction falls. J Occup

Environ Med. 2004 Nov; 46(11):1166-1173.

McCann M [2006] Heavy Equipment and Truck-Related Deaths on Excavation
Work Sites. J. Safety Research 37:511-517.

Conference Papers and Presentations

Lipscomb HJ, Glazner JE, Bondy J, Lezotte DC and Guarini K [2003] Use of text
data from injury reports/investigations to understand falls from height in
construction. NOIRS 2003-Abstracts of the National Occupational Injury
Research Symposium 2003. Pittsburgh, PA: National Institute for Occupational
Safety and Health, 2003 Oct:84.
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McCann M [2003] Occupational Hazards of Ready Mixed Concrete Truck
Drivers. Presented at Truck Drivers Health and Safety Conference, Detroit, Ml,
April.

McCann M [2004] Heavy Equipment-Related Deaths on Construction Sites.
International Union of Operating Engineers Conference. San Diego, CA, April 20.
2 workshops.

Additional Outputs

Higgins D [2005]. Hispanic worker dies after falling from a pile of construction
debris in the bed of a trash-style body truck to a paved driveway below—North
Carolina. FACE Report No. 2005-06. (Revised September 6, 2006)

Layne LA, Keshia M and Pollack KM [2004] Nonfatal Occupational Injuries from
Slips, Trips, and Falls among Older Workers Treated in Hospital Emergency
Departments, United States 1998. American Journal of Industrial Medicine
46:32-41.

Intervention development/evaluation

NIOSH and CPWR Publications

Clark N, Dropkin J and Kaplan L [2001] Ready Mixed Concrete Truck Drivers:
Work-Related Hazards and Recommendations for Controls. Silver Spring, MD:
CPWR. September.

Conference Papers and Presentations

Clark N, Dropkin J and Kaplan L [2001] Ready Mixed Concrete Truck Drivers:
Work-Related Hazards and Recommendations for Controls. Silver Spring, MD:
CPWR. September.

Additional Outputs

MacCollum DV [2007] Section 5: Dangerous Access to Equipment. In

Construction Safety Engineering Principles: Designing and Managing Safer Job
Sites. New York: McGraw-Hill. pp. 244-251.
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Sub goal 1.2 Contact with Electricity
A) Issue

During the ten year period from 1992-2002 the overall total of deaths associated
with contact with electricity was nearly 3,400, with 47% of these occurring in the
construction industry [Cawley 2006]. About 1 in 8 construction industry deaths
involved electricity versus 1 in 20 for all industry. Deaths and injuries due to
contact with electricity are not just a problem for electricians — surveillance data
show that it is an important injury risk for many construction trades such as
roofers, painters, laborers, operating engineers, and carpenters.

Initial interest in construction electrical hazards pre-dates the creation of the
NIOSH Construction Program. The FACE program investigated 224
electrocution incidents involving 244 fatalities from 1982 through 1994. The
resulting information was used to develop seven NIOSH Alerts directly relevant
to electrical hazards in construction work as well as a monograph summarizing
the FACE electrocution investigations®. These findings were also used by OSHA
to update their electrical regulations during this period. Construction Program
researchers continue to use FACE investigations to gather risk factor information
[NIOSH 1996, 1998, 1999, 2003, 2005]. The Construction Program has built
upon these foundations to focus its research to address specific risk factors and
intervention needs related to the leading causes of electrical deaths and injuries.

The Construction Program has also supported research to examine and
understand important causes of non-fatal injury, such as electric arcing injuries.

Nonfetal Electrical Injuries, 1092 2002
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Table 1: Nonfatal Electrical Injuries, 1992-2002
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B) Activities

Surveillance

Contact with overhead power lines (OHPL) is the leading cause of construction
worker death associated with electricity. Between 1992 and 2002, this cause
was responsible for 740 deaths, representing 47% of 1,585 construction
electrical deaths [Cawley 2006]. Contact with OHPL may occur during electrical
work (installation, maintenance, or repair), when operating or working near high-
reaching mobile equipment and machinery, to workers carrying hand held objects
such as ladders, tools, or construction materials, or by incidental contact during a
non-electrical work activity. Contact with OHPL occurs most often to construction
laborers (20% of 740 cases), electricians (13%), electrical power installers and
repairers (8%), painters (7%), and roofers and carpenters (each with 6%). Of 89
water well driller fatalities between 1992 and 2002, 28 were electrocutions.

Contact with wiring, transformers, or other electrical components is the second
most common fatal electrical event (487 cases - 31%). Contact with the electric
current of machines, tools, appliances, or light fixtures, is the third major category
of fatal electrical injury (163 cases - 10%).

Intervention development

OHPL

Construction Program researchers analyzed power line accidents involving
mobile equipment and concluded that many injured workers had contacted the
equipment and ground simultaneously after a power line contact had occurred
and were unaware of the shock hazard. These workers could have avoided
injury had they simply known after the fact that the equipment had become
energized. An overhead power line contact alarm, while not designed to avoid all
related injuries is a reliable, affordable, and practical alternative to proximity
warning systems [Sacks, et al. 2001]. A contact alarm system was developed
and tested for a mobile crane that warns workers when a piece of mobile
equipment becomes energized by a power line. Several key finding were that:
metal vehicle chassis are equipotential surfaces with variations of only a few
volts over their surfaces; road surface resistivity varies greatly,* and; electric
field detection is not affected by road surface resistivity. The current sensing
alarm performed well, except on asphalt road surfaces. A second embodiment
detected the increased electric field to ground that occurred between the
machine frame and ground after a power line contact and worked satisfactorily
on all road surfaces tested. Of the two methods studied, it is the detection
method of choice for a power line contact alarm.

Construction Program researchers are evaluating the performance of OHPL
proximity warning alarm devices on mobile cranes. The test protocol for the
evaluation was developed in conjunction with a number of partners including the
International Union of Operating Engineers (IUOE), CPWR, OSHA, Zachry
Construction Corp., Allied Safety Systems, Inc. (manufacturer of Sigalarm), Allied
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Safety Engineering, Inc. (OHPL alarm manufacturer), and the Association of
Equipment Manufacturers. Full scale electrical tests were executed using a
mobile crane outfitted with the OHPL alarm devices from two manufacturers.
The tests quantified the distance from a power line that each alarm device
sounded a warning in various crane - power line configurations. A test report is
pending.

In 2002, Construction Center researchers worked with the Hazard Information
Foundation Inc. to develop historical and current data on power line contact by
cranes and other boomed equipment. The focus of this investigation was to
identify the reasons why existing safety requirements are not effective by looking
beyond the behavior of the victim, job site operating personnel, and the
immediate employer. The study [Hazard Information Foundation 2002] identified
opportunities missed by the management of contributing organizations to perform
detailed safety planning and secure the worksite against power line hazards
before the work crew and equipment arrived for the job. The study compiled
hazard control data from a variety of sources to list reasonable, enforceable
safeguards and guidelines for safe crane and boomed equipment operation.
These proposed safeguards included power line hazard mitigation training for
building architects and engineers, contractors, and construction managers.

Construction Center researchers developed an overhead power line training
course. This popular course filled a gap hazard recognition and mitigation
training in the construction industry.

Contact with wiring and electrical components

Construction Center researchers collaborated to evaluate a construction project
in Washington, DC that was undergoing regular electrical safety inspections by a
site safety consultant. Construction Center researchers analyzed these
inspection reports. Electrical hazards comprised 17% of the 1,782 hazards
identified during 66 site inspections. The main electrical hazards found were
extension/power cord hazards (e.g., damaged insulation or cords) and temporary
power hazards (e.g., missing light bulbs/cages, exposed live wires). Analysis
showed that 12% of electrical hazards were abated the same day, 53% within
one day, and 88% within 3 days. This unpublished investigation demonstrated
that safety inspections with careful follow-up can reduce the number of and
exposure to electrical hazards on a construction site. A follow-on study will
determine whether a trained electrician, using a PDA checklist, can effectively
conduct electrical safety site inspections.

Construction Center researchers conducted a survey of live work practices
among 5,000 International Brotherhood of Electrical Workers (IBEW) electricians.
Failure to lock out or tag out electrical equipment before beginning to work is a
major cause of construction electrocutions. Three-quarters of the respondents
indicated that they had worked on energized circuits in the last month. About half
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of employers had a written electrical safety program for working on live circuits.
Results showed that more safety precautions were taken when the employer had
a written safety program for working live [McCann 2003].

Since workers with less than one year of work experience sustained 30% of all
workplace injuries, and since younger workers are at high risk for electrocution,
Construction Program staff in 2001 designed electrical safety curriculum for high
school and trade school students.

Many electrical hazard interventions are cross-cutting, in that one intervention
may successfully meet the needs of several industries. One crosscutting training
intervention from the Mining Program with application in the construction industry
is a DVD-based training program and an accompanying instructor’s discussion
guide entitled, “Arc Flash Awareness” [NIOSH 2006].

This training course consists of interviews with three electricians from IBEW
Local Union No. 5 who survived serious electrical arcing accidents and the head
of DuPont’s corporate electrical safety program. The DVD is intended to
stimulate viewer interest to learn more about available protections from electrical
arcing injury. Although just published, there is widespread construction,
petrochemical, and mining company interest in this material.

C) Outputs and Transfer

OHPL

The Construction Program has produced four journal articles, six NIOSH or
CPWR publications, three conference presentations, and a patent application
related to OHPL safety. Staff have collaborated on additional outputs as part of
the transfer of knowledge process.

Construction Program staff were awarded a patent for an OHPL contact alarm

system that measures currents that flow though a mobile machine to ground after
power line contact occurs [Sacks et al. 2003].
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Construction Program staff published an article in the Water Well Journal in 2005
that warned of electrical contact hazards. Specifically this article warned water
well contractors about the hazard of water well drill rigs contacting overhead
power lines and gave seven recommendations for preventing electric shock or
electrocution from OHPL. In addition, they warned of hazards associated with
working with electrical circuits, such as wiring electric pumps, and recommended
precautions to take when repairing or constructing systems involving electrical
circuits [Homce et al. 2005].

Construction Center researchers produced the power line safety video”Power
Line Hazard Awareness”. More than 11,000 copies of the training course were
distributed to over 1,700 contractors, contractor groups, unions, companies,
municipalities, and associations. The Construction Safety Council estimates that
“tens of thousands” of workers have been trained using this course since 1995.
[Construction Safety Council, 1996].

In 2006, the Water Systems Council published a revised Water Systems
Handbook comprised of seven booklets. The handbook is used by the water well
industry as one of its principal guideline documents. Construction Program
researchers collaborated in the writing of a new section related to electrical
safety, based upon their OHPL hazard research [Water Systems Council 2006].

Program staff and activities were the sources of information for an article about
OHPL and arc flash hazards in Occupational Health & Safety [Laws 2004].

The 2004 Grey House Safety & Security Directory (formerly the A.M. Best's
Safety & Security Directory) cited a Construction Program article in Chapter 4—
Electrical Safety, one its training articles authored by personnel from ESFI and
DuPont [Clendenin and Grubbe 2004].

Contact with wiring and electrical components

The Construction Program has produced five journal articles, eight NIOSH or
Center publications, 17 conference presentations, and an additional publication
related to electrical hazards other than OHPL. Some of these outputs may
contain information about OHPL safety issues, but overall are more general in
focus. A few highlights follow.

A Construction Program study published in the Journal of Safety Research
entitled, “Occupational electrical injuries in the United States and
recommendations for safety research” [Cawley & Homce 2003], was recognized
in the Institute of Electrical and Electronics Engineers (IEEE) publication, Industry
Applications Society (IAS) Magazine as a landmark study with the most
comprehensive analysis of occupational electrical injuries ever undertaken [Floyd
2004c].
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Program staff worked with the Electrical Safety Foundation International (ESFI)
and OSHA to develop a brochure, “Look Up! Look Down! Look Out!” The
brochure, published by the ESFI, was based on our research and was endorsed
by the National Safety Council [ESFI 2004].

More than 54,000 copies of a training text, “Electrical safety: Safety and health
for the electrical trades—Student manual” were distributed; another 7,700 copies
are backordered [NIOSH 2002]. The text was developed by the Construction
Program and is aimed at high school and trade school students. The document
is also available for download on the NIOSH web site. The curriculum has been
used extensively in trade schools and IBEW apprenticeship training to provide
introductory material for students entering the electrical trades. The text received
NIOSH'’s Alice Hamilton award in the educational materials category.

Electrical Construction and Maintenance magazine used electrical hazard FACE
reports as the basis for articles in the Forensic Casebook section [Anon. 2006a].

American Reconstruction Magazine interviewed the FACE Project Officer
regarding storm cleanup [Anon. 2006b].

The IBEW provided a comprehensive overview of the FACE project in the
January-February 1993 issue of the IBEW Journal.

The Independent Electrical Contractors (IEC) requested a NIOSH Construction
Program article on safety issues relevant for electrical contractors and published
an article titled: "Update on Electrical Safety Resources” for their May 2007
National Electrical Safety Month edition [NIOSH, 2007]

D) Intermediate Outcomes

OHPL

A Construction Center study was used as evidence in OSHA’s 2002 Crane and
Derrick Negotiated Rulemaking Advisory Committee that was revising the Crane
and Derrick section of Subpart N (1926.550) [Hazard Information Foundation
2002].

Construction Program staff supported development of a strategy by ESFI at an
IEEE Industry Applications Society Electrical Safety Workshop in 2004 for the
prevention of injuries associated with contact with OHPLs [Floyd 2004b].
Subsequent to that presentation, he was contacted for information regarding his
research by a representative of an officer of the ANSI C2-National Electrical
Safety Code. He sent them a copy of the Construction Program article published
in the Journal of Safety Research. In addition, that presentation also resulted in
a request from Eaton Electrical Corp., a large manufacturer of residential and
industrial electrical equipment, to use information from the presentation and the
journal article for their publications and presentations. Furthermore, CapSchell,
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Inc, a company engaged in training of Navy personnel, acknowledged the
Construction Program work as changing the electrical safety culture based upon
the presentation of a factual understanding of the hazards.

Contact with wiring and electrical components

The training director of Shermco Industries,! a member of the National Fire
Protection Association (NFPA) 70E Committee, published an article in 2004 in
National Electrical Testing Association World that reported extensively on a 2003
presentation by Construction Program researchers at the 11th Annual IEEE-IAS
Electrical Safety Workshop [White 2004]. He explained Construction Program
findings about the hazard of arc-flashes and a six step process to protect workers
from arc-flash burn incidents. Our work was acknowledged to be the first to
differentiate electric shock from electric burn injuries. Moreover, the Construction
Program study was credited with highlighting the most significant cause of
electrocutions—contact with overhead power lines [Floyd 2004a].

In 2004, the NFPA 70E Committee convened a NFPA/IEEE Joint Work Group
Research and Testing Planning Committee to study the thermal effects of electric
arc and other hazards such as pressure waves and acoustical effects of electrical
faults. The committee’ is responsible for establishing the requirements and
guidelines for testing for 208-volt equipment, accuracy of the data, whether
inherently-safe equipment reduces the hazard, effects of the lack of maintenance
on many power systems, how people interact with equipment, effects of being in
the plasma, and other hazards such as blast and projectiles.

An eight-hour training course involving lockout/tagout and a live work permitting
system was developed and administered to construction electrical supervisors at
an lllinois company. Partners in this training included the IBEW/NECA National
Joint Apprenticeship Training Committee (NJATC) and Ell Holding Company.
The text for the course was “Protection from Electric Shock and Arc Flash”
[McCann, 2003] based on NFPA 70E Electrical Safety Requirements for
Employee Workplaces.

EGIZII Electric implemented a comprehensive energized electrical work program
modeled after that found in NFPA 70 E, complete with a permitting system and
customer sign off. This improved training was prompted by participation in an
energized electrical work seminar conducted by the Construction Center. EGIZII
Electric is committed to keeping its employees safe, and feels that it is better
informed on the topic of energized electrical work thanks to the seminar
according to Kevin Miner, VP/Safety, EGIZII Electric, Inc.

DuPont Corporation requested and received a master copy of the training DVD
“Arc flash Awareness” to reproduce at its own expense for internal training
[NIOSH 2006]. The IEEE exhibited the video to 400 electrical safety executives,
managers, and engineers at its Petroleum and Chemical Industries Committee’s
(PCIC) Electrical Safety Workshop in Calgary, Alberta, Canada, 2007. The ESFI
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is translating the training and is reproducing 1,250 copies in Spanish and 200 in
Portuguese (for training in Brazil). IBEW Local Union No. 5 has requested 3000
copies to distribute as training material. MSHA produced copies at its National
Mine Safety and Health Academy for distribution through its educational catalog
and through its new mobile electrical safety education units.

The Electrical Safety Curriculum is made available to their members via web link
by the National Electrical Contractors Association (NECA — see
http://www.necanet.org/safety/) and the Independent Electrical Contractors (IEC -
see http://lwww.ieci.org/index.mv?screen=230&xsub=2)

F) External Factors

One impediment to the widespread adoption of OHPL proximity warning alarm
technology is the lack of final OSHA language that allows their use in lieu of other
power line proximity or contact warning means. OSHA has now proposed such
language. The cost of these systems (about $4000/crane) may inhibit their
adoption by smaller contractors. Perceived performance limitations of electric
field-based OHPL proximity warning alarms have also impeded their widespread
acceptance.

G) What’s Ahead?

OHPL

A Workplace Solutions document will be published in 2007 entitled: “Preventing
Electrocutions from Aluminum Ladders Contacting Overhead Power Lines.” This
document will also be translated into Spanish.

A test report will be issued that characterizes the performance of commercially
available OHPL proximity warning alarms. That report is expected to contribute
to the knowledge base necessary to produce a national standard that lays out
objective performance criteria for these devices. A study will be conducted to
investigate alternate approaches to OHPL proximity determination that do not
depend on electric field detection.

Contact with wiring and electrical components

A publication that describes the impact of the electrical hazards training manual
(see above) on student knowledge gains and safety attitudes is now being written
for dissemination as a journal article. It will include recommendations regarding
the effectiveness of the electrical safety curriculum on student knowledge gains
and safety attitudes and information regarding when safety training videos would
be most effective—either prior to or subsequent to administration of a safety
training program.

Electrical safety was selected as one of seven NIOSH draft strategic goal topics,
and was also selected as a top injury problem by the NORA Construction Sector
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Council. Thus, this topic will be undergoing additional strategic planning
regarding efforts needed over the decade.
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Sub goal 1.3 Struck-by incidents involving vehicles, equipment, and tools
A) Issue

Struck by events encompass several injury scenarios. “Struck by object” is a
sub-category within the larger BLS category for “Contact with Objects and
Equipment”. It includes injuries associated with falling and flying objects. In
addition, “Pedestrian struck by vehicle or mobile equipment” is a subcategory of
the larger BLS category for “Transportation accidents”. Both are important and
involve separate risk factors and interventions as described further below.

Pedestrian struck by vehicles and equipment

For the eight-year period between 1995 and 2002, 802 workers in the
construction industry were fatally injured when struck by a vehicle or mobile
equipment [BLS 2007]. Almost half of these fatalities (387) occurred in the
highway and street construction sector. Precautions and interventions such as
jersey barriers and traffic control plans exist for protecting road construction
workers from being struck by passenger vehicles. However, Construction
Program researchers found that road construction workers were as likely to be
struck by a construction vehicle (48% of cases) as by a passing motorist. (48% of
cases) [Pratt et al. 2001] Several factors were identified as contributing issues:

« Lack of knowledge on specific risk factors

« Insufficient adaptation of intervention technologies used in other industries

« Lack of scientific evaluation for existing and newly developed intervention
approaches

« Inadequate guidelines, particularly for controlling vehicle and worker
movements inside the work zone

The NIOSH Construction Program, partnering with the NIOSH Traumatic Injury
Program and industry, labor, and government stakeholders, is working to develop
and eventually disseminate interventions and guidelines to prevent these fatal
and serious injuries.

Struck by flying object — nail guns

In the last two decades, hand operated power tools have revolutionized
construction techniques and increased building rates significantly, but these tools
have created a new set of workplace hazards that are often not well
characterized. In a study that ended in 2002, Construction Center researchers
concluded that workers in wood frame construction were at high risk for serious
injury from one of the most ubiquitous of hand tools—the nail gun. During 2001-
2005, approximately 22,200 workers per year were treated in U.S. hospital
emergency departments for nail-gun related injuries [CDC 2007].
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B) Activities

Pedestrian struck by vehicles and equipment

To characterize work zone safety issues, Construction Program researchers
reviewed scientific literature, analyzed data from the BLS, and reviewed
investigations conducted by the FACE Program. A key issue, fatalities and
injuries due to vehicles and equipment, was identified. In 1998, the Program
sponsored a workshop to obtain input on prevention strategies. The workshop
was attended by representatives of government, labor, industry, academia, and
state departments of transportation.

In 1999, the Construction Program added highway and street construction work
zone fatalities as a specific target for investigations by the FACE Program. Since
then, 53 highway and street construction FACE investigations have been
conducted.

In 2000, Construction Program researchers, in cooperation with the Washington
State Department of Transportation, began evaluating interventions that provide
construction equipment operators with the ability to monitor the blind areas
around the equipment they are operating. This type of intervention is often
referred to as a proximity warning system (PWS). The objective of this effort was
to determine which systems were most effective and reliable in monitoring blind
areas. We evaluated the effectiveness and reliability of a PWS called the
Hazardous Area Signaling and Ranging Device (HASARD). The HASARD
system was originally developed by Mining Program researchers for the mining
industry.

Safety Interventions — Existing Technologies

The Construction Program launched an effort in 2002 to evaluate selected
prevention measures designed to protect workers from being struck by
construction vehicles and equipment. Interventions being evaluated include
several PWS devices and an administrative approach called an internal traffic
control plan (ITCP). ITCPs are designed to assist in controlling construction
vehicle and worker movements inside the work zone.
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They apply the “Traffic Control Plan” concept used to protect road construction
workers from passenger vehicles to the construction vehicle and pedestrian
routes used inside the work zone itself.

A third complementary intervention is the development of blind area diagrams for
construction vehicles. These diagrams are unigue to each type of vehicle and
can be used to raise awareness of blind areas for construction vehicle drivers,
construction workers on foot, and vehicle manufacturers.

NIOSH also joined a “Roadway Workzone Safety and Health Coalition” in
November of 2003 to provide a Research to Practice vehicle to disseminate
findings via key partners including:

« American Road and Transportation Builders Association (ARTBA)
« International Union of Operating Engineers (IUOE)

« Laborers' International Union of North America (LIUNA)

« National Asphalt Pavement Association (NAPA)

« Occupational Safety and Health Administration (OSHA)

In 2005, Construction Center researchers initiated an effort to address safety
issues for work zone construction that occurs at night. Two components of the
research that relate to vehicle and equipment struck-by incidents are: 1) visibility
of workers, which includes site lighting strategies, high-visibility garment
selection, 2) PWS effectiveness at night, and 3) traffic control.

The “Roadway Workzone Safety and Health Partners agreement was” renewed
in January of 2007 with the Associated General Contractors (AGC) joining the

group.

Nail guns

To identify and characterize injury hazards among residential construction
workers, Construction Center researchers conducted active injury surveillance
with follow up investigations among unionized drywall and residential carpenters
in Missouri. Pneumatic nail gun-related injuries were identified as common
among these workers, particularly from high speed bounce nailing. We found that
65-69% of nail-gun injuries could likely be prevented by a simple engineering
change to the trigger mechanism. Most carpenters used a contact-trip trigger
which required the trigger to be manually depressed or locked in the on position
and the nose of the nail gun to be depressed simultaneously. Thus, each time
the nose contacted or bounced along a surface a nail was fired. Construction
Center staff are promoting a safer trigger mechanism (the nail gun nose must be
depressed and then the manual trigger depressed before a nail can fire) and
working with the International Staple, Nail, and Tool Associations to improve the
voluntary standard promoting this safer trigger mechanism. We intend to monitor
diffusion and usage of the safer sequential-trip trigger into residential
construction.
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We are also working with the carpenters’ union apprenticeship program to
improve training in safe nail gun usage. As a result of the recent media attention,
they are assisting with a fledgling effort in one state to introduce proper nail gun
safety into the high school industrial arts program.

To supplement these findings and look at national trends, Construction Center
and Program researchers conducted a review of emergency department (ED)
treated nail gun-related injuries through NIOSH’s occupational injury supplement
to the National Electronic Injury Surveillance System (NEISS-Work). In 2007, we
identified workers as having approximately 20,000 or more nail-gun injuries per
year from 1998-2005 with no obvious improvement over the years. In examining
similar data for ED-treated injuries among consumers, we identified a 200%
increase in nail-gun injuries since the early 1990’s with current annual estimates
of about 15,000 injuries [CDC, 2007].

C) Outputs and transfer
(See Appendix 1.3 for full list of outputs related to this sub goal topic)

Pedestrian struck by vehicles and equipment

During efforts to evaluate the effectiveness and reliability of PWS devices,
Construction Program researchers developed a specialized prototype of the
HASARD system. This prototype system, specifically designed for use on road
construction dump trucks, was presented to manufacturing companies for further
development.

In developing methods to evaluate work zone safety interventions, the
Construction Program produced five reports for use by other program
researchers. They provide information on blind area diagrams and ITCP
development. These documents are distributed externally upon request.

Construction Program researchers delivered at least 26 presentations at
professional meetings to solicit participation in the effort to evaluate work zone
safety interventions on active road construction sites and to provide information
about ongoing research relevant to the highway and street construction industry
sector. Attendees were generally safety professionals and construction
association members.

Construction Program staff authored a NIOSH document, Building Safer Highway
Work Zones: Measures to Prevent Worker Injuries from Vehicles and Equipment,
that was based on stakeholder input received during the 1998 workshop
sponsored by the Construction Program [Pratt et al. 2001]. The document serves
as an education and training tool for contractors, contracting agencies, policy
makers, manufacturers, law enforcement, and the research community by
providing information on specific measures that can be used to reduce vehicle-
and equipment-related injuries in highway work zones. Building Safer Highway
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Work Zones has been disseminated through targeted mailings, conference and
exhibition handouts, and downloads from the NIOSH web site. From four
separate printings, approximately 21,000 copies have been distributed. It has
been redistributed by OSHA offices in Washington D.C. and Puerto Rico, the
Laborers’ International Union of North America, the American Road and
Transportation Builders Association (ARTBA), and the Washington State
Department of Labor and Industries.

The 53 highway work zone FACE investigation reports, which serve as training
resources for construction contractors, are accessible on the NIOSH web site at
http://www.cdc.gov/niosh/injury/traumazoneface.html. Forty-one of these reports
involve a worker being struck by a vehicle or equipment. Copies of the reports
are also provided to OSHA.

To educate contractors, manufacturers, and the research community on PWS
evaluation results, a Construction Program researcher authored a NIOSH
document, “Evaluation of Systems to Monitor Blind Areas behind Trucks Used in
Road Construction and Maintenance: Phase 1” [Ruff 2003]. The PWS
evaluations results were also disseminated through four presentations at
professional meetings and in one peer-reviewed journal article.

A Construction program researcher co-authored with a Roadway Workzone
coalition partner a guide for contractors and workers titled “Internal Traffic Control
Plans” in 2003.

Construction Center researchers authored two theses describing safety issues
related to nighttime work zone construction. One thesis presents safety
perceptions of workers and the effect of safety management planning
[Spadaccini 2005] and the other presents traffic control issues [Burgess 2006].

Nail guns

Construction Center researchers published a series of nail gun-related injury
articles in peer-reviewed academic journals and trade journals. Three peer-
reviewed articles on nail guns characterized injuries among residential
carpenters. [Dement et al. 2003, Lipscomb et al. 2003, Lipscomb et al. 2006]. In
addition, results of the nail gun study of injuries treated in emergency
departments was published in Morbidity Mortality Weekly Report [CDC, 2007].
Additional one minute and four minute podcasts involving an interview with the
Construction Center researcher were also developed to describe the study
results.

Among the more than dozen professional presentations by Construction Center
researchers since 2000, the benefits of active injury surveillance and the
prevention of nail gun injuries have been consistent threads. However, for
workers, the dissemination of the study results and safety information through the
Carpenters District Council newsletter and web site and presentations at local
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union meetings by journeyman investigators participating in the study were likely
more effective at transferring information.

The consumer and worker nail gun injury report by the Construction Center and
Program researchers struck a cord with the national media. Newspaper articles
describing the hazard to consumers and workers were disseminated in most
states and several foreign countries. Good Morning America had a brief segment
on nail gun injuries. Although the focus of many of the articles was on consumer
injuries, the benefits of more wide spread recognition of nail guns as a hazardous
tool and the availability of an engineering solution will likely have positive
carryovers to worker safety.

D) Intermediate and end outcomes

Pedestrian struck by vehicles and equipment

Construction Program work zone safety research results, including that from
PWS evaluations and contractor reports on blind area diagrams, were requested
by two PWS device manufacturers, Tag Safety Systems and Gamma Services
Int., for product development and marketing. These manufacturers incorporated
specifications and recommendations from the evaluation results to make product
improvements and to develop new systems. Two other manufacturing
companies, Geosteering and Frederick Energy Products, used the HASARD
system license in developing their own PWS devices.

In March 2004, The Bureau of National Affairs (BNA) published an article in its
Daily Report for Executives that featured the ongoing Construction Program
research efforts to evaluate injury prevention measures on active road
construction sites [Scovron 2004]. The article encouraged construction
companies who were interested in participating to contact Construction Program
researchers.

The National Asphalt Pavement Association published two separate articles [Jay
2005; MacDonald 2007] in Hot Mix Asphalt Technology to describe ongoing
Construction Program research efforts to evaluate injury prevention measures on
active road construction sites. The 2005 article discussed the interventions being
evaluated, data collection methods, and road construction site criteria. This
article encouraged construction companies who were interested in participating
to contact Construction Program researchers. The 2007 article focused entirely
on ITCPs, one of the interventions being evaluated.

ARTBA and the National Safety Council (NSC) consulted with Construction
Program researchers in developing an OSHA 10-hour training course specifically
for the road construction industry. Key measures from Building Safer Highway
Work Zones were incorporated in the course training materials. This OSHA 10-
hour course is provided to member construction companies for NSC and ARTBA,
and is also a core component of the road construction safety training program for
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the Associated General Contractors of Vermont’s Northeast Regional Safety
Academy.

The Laborers’ Health and Safety Fund of North America (LHSFNA) incorporated
the entire Injury Prevention Measures and Glossary sections of Building Safer
Highway Work Zones in the appendix and glossary sections of their “Highway
Workzone Safety Manual 2003” [LHSFNA 2003]. Other organizations have used
the document to develop safety training videos (J. J. Keller and Associates) and
to develop safety training programs (Texas Engineering Extension Service,
LHSFNA, Washington State Department of Labor and Industries, and Wayne
State University).

In June 2000, the Engineering News Record published an article featuring the
pending release of the Building Safer Highway Work Zones document [Krizan
2000]. The article noted that the document was much anticipated and included
several of the injury prevention measures from the document.

Results from the Construction Program research on work zone safety have been
requested and used by individual construction companies for education and
training purposes. One company used the contractor reports on blind area
diagrams during a company-wide safety stand down.1 Other companies have
incorporated safety measures and FACE case examples into tool-box safety
talks.

Materials developed through the nighttime construction research conducted by
the Construction Center were incorporated into Purdue University curriculum for
a core course in construction engineering and management. This course has an
enrollment of approximately 150 students per year.

In setting standards and establishing guidelines, Building Safer Highway Work
Zones has been used by organizations to:

« Provide risk management recommendations to clients (St. Paul and the CNA
insurance companies)

« Support development of contract language to require contractors to use high-
visibility clothing during disaster clean-up (Federal Emergency Management
Agency)

« Guide strategic planning for transportation centers (Cleveland State
University)

« Incorporate injury prevention measures into a best practices guide (The
Dallas Area Road Construction Work Zone Task Force)

Results from Construction Program research on work zone safety have been
requested by organizations that affect standards and guidelines. Washington
State Department of Labor and Industries used the contractor reports on blind
area diagrams and ITCP development in preparing recommendations for internal
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traffic control. Washington State Department of Transportation used PWS
evaluation results to select appropriate technologies for departmental dump
trucks. Construction Program researchers also provided input into two separate
standards: 1) the International Organization for Standardization (1ISO) Standard
16001 (Earth Moving Machinery — Hazard Detection Systems and Visual Aids —
Performance Requirements and Tests), which is in the final international
approval stage and 2) the American National Standards Institute (ANSI) A10.47
Standard (Highway Construction Safety Practices — Work Zone Safety for
Highway Construction), which is in draft stage scheduled for a July 2007
submission.

In 2007, OSHA requested approval to reprint and distribute the “Internal Traffic
Control Plan” guide co-authored by a Construction Program researcher.

Nail guns

Beginning in May 2003, the International Staple, Nail, and Tool Association
adopted a new voluntary standard calling for shipment of the tools with a safer
sequential-trip trigger (i.e., the nail-gun nose must be depressed and then the
manual trigger depressed before a nail can fire).

E) External Factors

Pedestrian struck by vehicles and equipment
Several factors challenge Construction Program research in highway and street
work zone safety, including the following:

« Regulation for safe work practices in work zones falls under the jurisdiction of
both the Federal Highway Administration and OSHA

« The industry is fractured by relatively small family businesses located in
disparate localities

« The work environment is mobile with constantly changing variables (e.g.,
weather, construction phase)

« The industry base is changing with corporate consolidation, foreign
investments, adoption of night work, and an increase in the number of non-
English-speaking workers

« Field-based research is resource intensive requiring significant travel,
personnel, and equipment expense

Construction Program researchers have been relatively successful in meeting
these challenges by partnering through alliance memberships that involve
government, industry, and labor representation.

Nail guns

Despite the availability of the safer trigger mechanism, Construction Center
researchers still find that the contact-trip trigger is commonly used in construction
to facilitate speedier nailing.
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Several factors challenge Construction Program research in safer tool design
and use, including the following:

« Most construction tools, including nail guns, do not have regulated design
features or usage restrictions. Instead, most tool manufacturing is based on
voluntary standards without third party certification.

« The industry, particularly residential construction, is dominated by relatively
small, non-unionized businesses with a highly mobile workforce. Training and
safety infrastructure tend to be lacking in this population and uniformly
disseminating safety information is nearly impossible.

« Sales and hours-of-use data for nail guns or other tools are generally not
available.

« General injury surveillance programs do not collect sufficient details to ascribe
injuries to specific tool models or brands, modes of usage, or situational
characteristics.

« Active injury surveillance with follow up investigations successfully meets
many of the detailed injury etiology needs, but remains expensive and
complex to set up.

F) What’s Ahead?

Vehicles and equipment

The Construction Program continues work zone safety surveillance activities by
retaining the topic as a target for FACE investigations and providing for periodic
analysis of existing data. Construction Center researchers continue with
surveillance efforts to better understand factors related to safety during nighttime
construction in work zones. Results from these surveillance activities will be used
to identify new risk factors, identify injury prevention strategies, and guide and
prioritize future research efforts.

The Construction Program is also continuing to evaluate PWS and ITCP
interventions on highway construction sites. Researchers in the program are also
continuing to identify, develop, adapt, and evaluate emerging technologies
specifically related to PWS devices. Finally, Construction Center researchers
continue to evaluate interventions related to nighttime construction safety,
specifically for traffic control and visibility of workers. It is anticipated that each of
these activities will result in outputs that stakeholders will use to advance
highway and street construction worker safety.

Construction Program results and information from the PWS and ITCP
intervention research will be published for education and training purposes in
peer-reviewed journals and will be packaged for targeted dissemination to
stakeholders in the highway and street construction industry. Construction
Program researchers will also provide products to partners through continued
involvement in the OSHA/NIOSH Roadway Work Zone Safety and Health
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Alliance. It is anticipated that the Alliance partners will repackage the
Construction Program outputs as training tools and will invest in additional
dissemination strategies.

Nail guns
A new pilot study is underway to add standard industry identification to the
occupational ED injury data collected by NEISS.

NIOSH developed draft strategic goals in 2005 for reducing fatal and serious
injuries caused by roadway construction workers being run over by vehicles and
equipment. The draft goal and intermediate steps was intended to achieve an
ambitious 40% reduction in the number of fatalities and injuries over a ten year
period. In addition, the NORA Construction Sector Council has also identified
struck by injury events as a top problem. In addition to focusing on struck-bys
associated with roadway construction vehicles and equipment, the group is
interested in clarifying risk factors and identifying interventions for the several
other types of struck-by injuries.
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Washington, D.C., October 2004.

Residential construction safety. Distinguished Seminar Series, Center for

Innovation in Construction Safety and Health, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia, January 2006.
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Sub goal 1.4 Confined Space, Excavations, and Trenching
A) Issue

Confined space and excavation hazards are important risks for construction
workers. Confined spaces include storage tanks, process vessels, pits, boilers,
ventilation and exhaust ducts, sewers, tunnels, underground utility vaults, and
pipelines. With excavations and trenching, cave-ins pose the greatest risk to
workers. Other potential hazards inherent to confined space excavations include
falls, falling loads, hazardous atmospheres, and incidents involving mobile
equipment.

During 1992 — 2001, CFOI data identified 542 fatalities associated with trenching
and excavation [MMWR, 2004]. Trench cave-ins accounted for 76% of the
deaths. OSHA'’s standard (Subpart P of 29 CFR 1926) is designed to prevent
trenching and excavation related injuries and deaths. Employers, employees,
safety professionals, regulators, and researchers need a better understanding of
the factors that contribute to these injuries and deaths. An evaluation of CFOI
data for the years 1997-2001 reported 89 construction fatalities associated with
confined spaces [Meyer, 2003]

NIOSH issued a recommended standard for confined spaces in 1979, an Alert in
1986, and a safety guide for confined spaces in 1987. NIOSH developed draft
construction safety standards for excavation in 1983 and an Alert in 1985.
NIOSH provided technical input to OSHA for the revision of their excavation
standard in 1989. NIOSH also provided input in 1995 on OSHA'’s general
industry standard for confined spaces, but there is no current construction
industry proposal on confined spaces.

B) Activities

Construction Programs have used surveillance data from a variety of sources to
identify activities, trades, and risk factors associated with fatalities and injuries in
confined spaces and excavations. Those sources include the FACE fatality
investigation program, CFOI, and NEISS. For example, we used emergency
room data to evaluate fatal and non-fatal injuries from vessels under air pressure
in construction [Welch, et al. 1999]. Our researchers have also examined OSHA
fatality data for toxic inhalation fatalities among construction workers and found
that the majority occurred in confined spaces [Dorevitch, et al. 2002]. The
Construction Program provides support for ongoing NIOSH efforts to develop
and update “Immediately Dangerous to Life or Health” (IDLH) values and a
pocket guide to chemical hazards, which are products commonly used for
planning confined space entries.
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From 2001 to 2003, Construction Program investigators conducted the “Safety in
Trenching Operations” project, which addressed the “how” and “why” of fatalities
that occur in trenching operations and what measures could be adapted to
prevent them. We did an analysis of OSHA, BLS, and NIOSH fatality data from
trenching operations. Two hundred ninety six fatality reports were analyzed
based on two different incident causation models. We were able to correlate
causes to identify circumstances that led to fatal incidents [Arboleda and
Abraham 2004].

The Construction Program has undertaken a number of
safety interventions for excavation and trenching. For
example, we supported research to examine
technological interventions using tele-operation of
mechanical devices to dig trenches and install pipe [Li
and Bernold 2005]. We also conducted the Trench Box
Safety project which examined the extent of trench box
use and work practices related to their use. To do that,
we sent a survey to about 1000 members of a Utility
Contractors Association [Hinze, 2005]. Another
researcher evaluated the impact of the OSHA Trench
and Excavation Standard on fatal injuries in the

construction industry by comparing fatal injuries for five year periods before and
after the standard went into effect in 1989. The study found a twofold decline in
the rate of fatal injury from trench cave-ins in the construction industry for five-
year period before and after the 1989 revision of the Excavation Standard. From
1984 to 1989, the rate was 13.5 trench cave-in deaths per million workers per
year, and from 1992 to 1995, the rate was 6.8 per million workers per year.
[Suruda et al. 2002]

The OSHA trenching standard is technical and includes engineering tables and
diagrams that make it less accessible to contractors and construction workers.
Nevertheless, most stakeholders think that if the standard were followed, most
trenching operation fatal injuries would be prevented. Construction Program staff
partnered with a large construction equipment rental company to gain access to
equipment and sites for development of a CD-based training module to raise
awareness of trenching hazards and to communicate the key features of the
OSHA trenching regulation. The CD includes text, photographs and diagrams,
animation, and video clips featuring construction and rescue personnel. The
program worked with an OSHA Advisory Committee for Construction Safety and
Health (ACCSH) trenching workgroup to finalize the CD product.

An additional project was undertaken to evaluate the CD. The evaluation used a
multi-method approach to gather feedback from decision-makers,
trainers/consultants, and workers in the construction industry. This information
provided feedback for improving the design, content and delivery of the training.
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The focus groups yielded insights about safety culture in the construction
industry. The results will inform production of an improved, better-targeted
version of the training CD and publications about construction safety culture.

Center researchers, collaborating with State Health Department researchers in
California, interviewed excavation industry stakeholders about barriers to safe
trench work and suggestions for improving safety. Interviews included trench
safety training providers, trade association and union representatives, safety
experts and state enforcement staff. The study resulted in several recommended
prevention strategies, such as improved enforcement targeting, partnerships with
fire and rescue personnel to increase awareness and enforcement referrals,
increased public awareness, disseminate tailgate and training materials, specify
trench protective systems in public contracts for trench work, and promote
mentoring of smaller firms to share safety expertise.

C) Outputs and Transfer
(For a complete listing of outputs, please refer to Appendix 1.4)

Construction Program staff delivered three presentations at construction safety
meetings to report findings, and prepared 28 publications/products, including two
journal articles, one Alert, one book chapter, one thesis, 20 FACE reports, and
the monograph entitled “Worker Deaths in Confined Spaces”. A report titled:
“Occupational Fatalities During Trenching and Excavation Work --- United States,
1992—2001" was published in the Worker Memorial Day edition of Morbidity
Mortality Weekly Report (MMWR) as a mechanism to raise awareness about this
issue among state and local health department personnel. [MMWR 2004].

The Program prepared seven publications on innovative excavation
technologies, including five journal articles. Results of the trench box study were
published in the Journal of Construction Engineering and Management [Hinze,
2005]. The study of the effectiveness of the OSHA trenching standard was
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published in the Journal of Occupational and Environmental Medicine [Suruda et
al, 2002]. The Center study “Strategies to Prevent Trenching-Related Injuries
and Deaths” was published by the Center in 2006 [Plog et al. 2006] The trench
safety CD has been disseminated to over 4000 users and a web version was
created for linkage via the NIOSH Trenching and Excavation safety topic page
http://www.cdc.gov/niosh/topics/trenching/. Program and Center researchers co-
presented on a panel discussion on trench safety issues held at the 2005
American Industrial Hygiene Association Conference.

Materials developed for the Safety in Trenching Operations project were
incorporated into three courses in the Construction Engineering Curriculum at
Purdue University. Those courses enroll about 250 students per year. In addition,
undergraduate and graduate research assistants who were employed on this
grant, used materials from the study on their field internship assignments and
their post-school jobs.

Construction Center trainers have provided confined space training since 1994,
and have trained employees in 31 states. More than 438 courses have been
delivered, training more than 6,700 students. These courses use Construction
Program-supported materials such as the NIOSH Pocket Guide and IDLH levels.

Construction Program researchers created and released the “Trench Safety
Awareness Training- Trench Protective Systems: Use and Management”
software-based training module. The CD was publicized within the OSHA
Advisory Committee on Construction Safety and Health (ACCSH) trench
workgroup. Most of the copies printed for dissemination were provided to OSHA
(See Intermediate and End outcomes section). In addition, a web-mounted
version of the training exercise was also developed and is located at:
http://www.cdc.gov/niosh/docs/2006-133D/ for download by users.

In coordination with the NIOSH Traumatic Injuries program, we prepared and
submitted comments to OSHA in 2002 for their Regulatory Flexibility Act Review
of the Excavation Standard.

D) Intermediate and End Outcomes
OSHA used the Suruda article in their regulatory review analysis.

OSHA originally requested 500 copies of the trench safety CD to include in a
mailing to the largest construction /excavation/trenching companies in the United
States. A trenching safety pocket card and a letter alerting them to the hazards of
trenching was also included. After positive feedback, the OSHA Construction
Directorate requested 5000 copies, stating that “We cannot keep them in
stock...the Trench Initiative Package is our #1 distribution item here in the
Directorate of Construction.”
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Using CDs and the Internet, OSHA and NIOSH have distributed over 8000
copies of the CD. OSHA has used the trench safety CD with construction
stakeholders and OSHA staff and compliance personnel. Construction Program
staff were included in the OSHA “Trench Initiative Team” that was awarded the
U.S. Department of Labor Secretary’s Exceptional Achievement Award in
recognition of delivering a multi-disciplinary approach to reach an estimated
300,000 construction industry personnel and challenging the industry to adopt a
trench safety culture.

The equipment rental firm that partnered with the Construction Program to
develop the CD has customized it further and is using it to train their sales force
on trench safety and related equipment.

A California OSHA program used the Center report on “Strategies to Prevent
Trenching-Related Injuries and Deaths” to develop a training course for
contractors in California.

Groups such as the Associated General Contractors include a link to the NIOSH
Trenching and Excavation topic page on their safety websites.

E) External Factors

Even with work environments as dangerous as confined spaces, trenches, and
excavations, employers often fail to train workers to comply with the existing
OSHA regulations. In addition, the industry has a transient and decentralized
workforce. Workers are often faced with making difficult decisions about work
practices on their own. This is especially true for those who work for small
contractors.

F) What’s Ahead?

Construction Program supported researchers that assisted in the design of the
original CD produced through the Assessing the Risks of Injury in Trenching and
Excavation in the United States have modified it and are beginning an effort to
train 20,000-40,000 competent persons per year.

Based upon the evaluation findings, the trench safety CD will be improved using
a multimedia design company. We will study channels for CD distribution,
especially targeting small businesses. Through the equipment rental company
partner, we hope to reach as many as 20,000 of those small businesses.

There is interest among stakeholders in using excavation as an issue to learn
more about implementation issues in construction. This is because the OSHA
trenching standard approach is viewed as effective and the remaining obstacles
to prevention appear to be related to raising awareness and getting contractors
to use these existing precautions. There is interest in continuing efforts to
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explore other approaches by OSHA’'s ACCSH trenching workgroup and by
members of the NORA Construction Sector Council.
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Sub goal 1.5: Construction Vehicle Rollovers
A) Issue

Heavy equipment is common to many construction operations and a
Construction Program study of machines using NTOF surveillance system data
for the years from 1980 through 1989 indicated that the machines most
frequently associated with construction industry fatalities were cranes (17%),
excavators (15%), tractors (15%), loaders (9%), and pavers (7%). One of the
most common events (18%) associated with fatalities was vehicle overturns
[Prattet al. 1995].

Another Construction Program study of NTOF surveillance system data identified
machinery-related incidents as the fourth leading cause of traumatic occupational
fatalities in the construction industry between 1980 and 1992, resulting in 1,901
deaths (2.13 deaths per 100,000 workers). Again, overturns were found to be
common [Pratt et al. 1997]. Rollovers of heavy construction equipment usually
occur when they are driven on slopes or steep roads, or when they are loaded
onto or unloaded from the flatbed trucks used to transport them. The term “tip-
over” is more commonly used to describe crane and personnel lift overturns. Tip-
overs are related to crane or lift instability under load or improper set up rather
than operation on sloped surfaces.

Analyses of rollover incidents and Rollover Protective Structures (ROPS) found
that ROPS generally reduced the number of injuries and deaths when they are
present on construction machines. [Woodward 1985] Studies also indicate that
the severity of rollovers vary widely among different types of machines, that
quality control during ROPS fabrication is important, and that the chances of
surviving a rollover are enhanced substantially by wearing a seat belt [Woodward
1985].

In 1972, OSHA promulgated a standard that required ROPS on many types of

vehicles used in construction work [OSHA 1972]. In the standard specific
requirements for ROPS on compactors and rubber-tired skid-steer equipment
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were not included. Thus, ROPS are not standard equipment on compactors used
at construction worksites. FACE investigations over the years have documented
serious injuries and deaths resulting from overturns and runaways of
compactors, but awareness is low and the problem has received scant attention
[Myers 2004].

B) Activities

The Construction Program has used existing surveillance resources and
programs to identify risk factors associated with construction vehicle overturns
and to develop prevention measures to address them. Such measures include
engineering interventions targeted to equipment manufacturers and work practice
interventions targeted to construction vehicle users.

Two of the program’s studies are described above, and we have completed
several other investigations.

A Construction Program review of CFOI data identified 282 deaths associated
with road grading and surfacing machinery during 1992-2001 [NIOSH 2004b]. At
least 70 of these deaths involved roller/compactors. Review of these data
narratives and of NIOSH FACE case studies suggests two common causes of
injury: (1) machine rollovers and (2) incidents involving workers being struck by
moving machines.

A Program study of deaths that occurred on construction excavation sites from
1992 through 2002 [McCann, 2006] identified 57 rollover deaths (23%) out of a
total of 253 vehicle-related deaths. Vehicles driven over an embankment or
slope caused 21 (37%) of the 57 rollover deaths; and 16 (28%) of the deaths
occurred while the vehicle was being loaded to or unloaded from a trailer truck or
similar vehicle. In 13 of the rollover deaths (23%), the vehicle operator did not
have the seatbelt fastened. In six death incidents, the operator was ejected from
the vehicle and in five other death incidents, the operator struck the ROPS. The
types of vehicles involved in the rollover deaths included bulldozers (18), loaders
(10), backhoes or other excavating equipment (9), road grading and surfacing
machines (7), tractors (6), and trucks (5).

In 1996, Construction Program investigators from the state component of NIOSH
FACE program summarized surveillance data for the period from 1980 through
1995, described the results of FACE program investigations of skid-steer loader-
related fatalities and made recommendations for preventing fatal incidents,
including deaths related to rollovers [Parker et al. 1996]. They found that during
the period from 1980 through 1992, rollovers accounted for 15 deaths (28%).

Of 1,021 U.S. workers who died from traumatic injuries in forklift-related incidents

from 1980 through 1994, 225 (22%) were killed as a result of overturns [NIOSH
2001b].
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A NIOSH review of the CFOI data identified 346 deaths associated with
excavators or backhoe loaders from 1992 through 2000. A review of these data
and of FACE cases found that rollover was a leading cause of these fatalities
[Casini & Moore 2003].

On-site investigations of worker deaths involving construction vehicle rollovers
were conducted by NIOSH Construction Program research team personnel
starting in 1994 and continuing to the present. Investigators collected data on the
agent, host, and environmental factors from the pre-event, event, and post-event
phases of the fatal incident via a case series design used to facilitate descriptive
analysis of the incidents. These investigations were not conducted to find fault or
place blame, but to better understand the chain of events and identify all
contributing factors — thus allowing the development of recommendations for
preventing similar deaths. Findings from Construction Program research team
investigations were frequently combined with surveillance data to identify and
describe specific injury problems.

To overcome the assumption that compactors are safe because they work on
level surfaces, an investigation was undertaken under a small grant from the
Construction Center. A total of 58 reports from 1984 to 2002 were acquired and
analyzed. Results indicated the terrain encountered by compactors is often
irregular and sloped, that overturns cause serious injuries or death, and that a
ROPS is effective at stopping a roll at 90 degrees. Additionally, the tasks of
loading and unloading compactors onto/from trailers, and incidents in which
runaway compactors headed downhill, presented risks of rollovers. When a
ROPS was present, seatbelt usage would have increased the operator’'s chances
of surviving or averting a serious injury [Myers, 2003].

A 2003 study found that collapses and tip-overs were second most frequent
cause of death associated with personnel lifts, which included boom-supported
and vertical (scissor) lifts and crane platforms [McMann 2003].

A Construction Center small grant (the results of which are described in the
Outputs and Transfers section) was undertaken to investigate engineering safety
principles including principles for preventing equipment overturns and their
related injuries.

C) Outputs and Transfer

The results of the construction vehicle rollover-related investigations were
disseminated by the Construction Program research team and stakeholders
through a book, narrative summary reports, NIOSH Alerts, Workplace Solutions
documents, technical reports, targeted mass mailings, presentations, training
modules, and journal articles. In total, Construction Program researchers
authored a total of 4 peer reviewed journal articles on this topic, provided 2
presentations, and developed 9 NIOSH and Center publications, as well as 48
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miscellaneous documents such as FACE reports, patents, and book chapters.
Details and examples are provided below:

A Construction Center small grant resulted in a book on engineering safety
principles for preventing equipment overturns [MacCollum 2007]. It was
published by the principal publisher for engineering texts.

In 2004, the Construction Center issued a Hazard Alert for Operating Heavy
Equipment that was available to construction workers both as printed pocket
card, and as downloadable PDF files. The alert warned that equipment can roll
over and kill operators when it is driven on a slope or when the equipment is
being loaded to or unloaded from a flatbed/lowboy truck. It made a number of
recommendations to prevent rollovers including that employers use only
equipment with ROPS and seat belts. [CPWR 2004]. Construction Program
researchers also developed and disseminated several other documents that
included recommendations to prevent equipment rollovers [NIOSH 2005, NIOSH
2004b, NIOSH 2004c].

Additionally, four Construction Program research reports from the construction
vehicle overturn related investigations were published and disseminated [NIOSH
2004c, NIOSH 2000, NIOSH 1999a, NIOSH 1999b]. These reports are available
on the Web at: http://www.cdc.gov/niosh/face/default.html. State partners such
as Wisconsin, California, and New Jersey disseminate NIOSH Construction
Program research products.

A NIOSH Workplace Solutions document identified controls to prevent injuries
when working with hydraulic excavators and backhoe loaders. These controls
included not permitting hydraulic excavators or backhoes to be operated on
grades steeper than those specified by the manufacturer and not removing the
ROPS and using the seat belts supplied by the manufacturer [Casini & Moore
2003].

Construction Program researchers developed and disseminated a NIOSH Alert —
Preventing worker injuries and deaths from mobile crane tip-over, boom collapse,
and uncontrolled hoisted loads [NIOSH 2006]. Approximately 6,000 copies of this
Alert were disseminated to crane rental establishments, steel erection
companies, heavy construction companies and any others identified that would
use cranes in their work. A Construction Program presentation at the 2000
National Occupational Injury Research Symposium recommended procedures for
preventing fatalities related to crane overturns. Recommendations included
operating within manufacturers’ recommended capacities and using load
monitoring instruments [Moore & Pratt 2000].

NIOSH issued an Alert in 2001 requesting assistance in preventing injuries and

deaths of workers who operate or work near forklifts. The Alert recommended
that seatbelts be used when available and that the operator not jump from an
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overturning forklift. Operators were advised to stay with the truck, holding on
firmly and leaning in the opposite direction of the overturn [NIOSH 2001a].

In 1998, NIOSH issued an Alert requesting assistance in preventing injuries and
deaths from skid-steer loaders. Skid-steer loaders now come equipped with
ROPS, side screens, and seat belts to protect the operator if the machine turns
over [NIOSH 1998].

In 1998, NIOSH convened a workshop entitled Preventing Vehicle- and
Equipment-Related Occupational Injuries in Highway and Street Construction
Work Zones. Recommended safety measures included use of equipment with
ROPS [Pratt et al. 2001].

Planned outputs include an article on compactor/roller rollovers (submitted to
Accident Analysis & Prevention) and an article submitted to Professional Safety
on the effectiveness of ROPS and seatbelts.

D) Intermediate and End Outcomes

The International Union of Operating Engineers (IUOE) and the Association of

Equipment Manufacturers (AEM) presented the CWPR results to the Advisory

Committee on Construction Safety and Health (ACCSH) in 2004 with a plea for
action to require ROPS on compactors. ACCSH formed a ROPS work group in
2004 to recommend a standard for ROPS on compactors. Awaiting input from

AEM, the group has yet to submit their recommendation to the Committee.

The Center for Research on Occupational and Environmental Toxicology in
Oregon reported on the NIOSH document, Workplace Solutions: Preventing
Injuries when working with ride-on roller/compactors, restating its
recommendations [CROET 2005].

The Virginia Workers Compensation Program published an article on heavy
equipment safety in 2005 [Virginia 2005]. The article used information from a
Construction Program research study published as Building Safety Highway
Work Zones. Based on data for the period from 1992 through 1998, the study
reported 110 fatalities involving equipment operators, with 53% of those fatalities
caused by heavy equipment including equipment overturns. The Virginia article
included rules and safe work practices to prevent rollovers.

The National Association of Demolition Contractors reported on the NIOSH Alert
regarding skid-steer loaders and the need for ROPS with side screens and seat
belts to protect the operator if the machine turns over [NADC 2000].

In 2004, the OSHA Crane and Derrick Negotiated Rulemaking Committee
reached consensus on proposed language for a revised and updated crane and
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derrick safety standard for construction, which included ballast and counterweight
recommendations to prevent tip-overs. [AEM, 2004].

The AEM provided a national and international mailing list of members to assist
in the dissemination of two NIOSH Workplace Solutions entitled Preventing
injuries when working with ride-on roller/compactors and Preventing injuries
when working with hydraulic excavators and backhoe loaders. The AEM and the
National Asphalt Pavement Association (NAPA) then disseminated
approximately 20,000 copies of the roller/compactor publication and 11,000
copies of the hydraulic excavators and backhoe loaders publication to their
memberships.

F) External Factors

Manufacturers may be motivated to support the establishment of a standard for
ROPS on compactors because of the cost of tort claims from overturn-related
injuries involving compactors lacking a ROPS. However, they are slow in
achieving consensus regarding the wording of any recommendations.

Employers, equipment rental businesses, and used equipment dealers may have
concerns about the cost of retrofitting older units or the need to replace older
units with newer ones. These concerns have yet to be raised.

The Organization for Economic Cooperation and Development (OECD) is
updating its international ROPS standards, and an issue in contention is whether
or not to require the design of ROPS to restrict a roll to 90 degrees. The CPWR
report showed that virtually all compactor overturns are limited to 90 degrees as
a result of the presence of a ROPS.

In 1998, OSHA established a policy to enforce the mandatory presence of ROPS
and seatbelts on compactors under the general duty clause. This raised
awareness about the issue for compactor manufacturers. However, until a
specific standard is put into place, some manufacturers still provide a “remove”
option for ROPS on compactors at the time of sale. Moreover it is likely that older
compactors without a ROPS and seatbelt will remain in service.

F) What’s Ahead?
Some targeted intermediate outcomes are an updated international standard for

ROPS that includes compactors and design criteria to limit an overturn to 90
degrees and an OSHA standard requiring ROPS on compactors.
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